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CHAPTER I. INTRODUCTION 
Strength of materials, also known by such titles as mechanics of 
materials, mechanics of solids, or mechanics of deformable bodies, is a 
basic engineering science. It is used to design all manner of 
structures, machines, and equipment of suitable strength. Application 
of strength of materials includes such diverse items as buildings, 
bridges, construction equipment, storage tanks, pressure vessels, 
automobiles, ships, airplanes, spacecraft, factory machinery, electric 
motors and generators, transmission towers and antennas, tools, golf 
clubs, tennis rackets, and many others (Willems et al., 1981). 
The great technical progress that man has achieved in the last 
century has been dependent largely on the development of materials with 
improved properties and on finding more effective ways of using them. 
Practically all of the items that we use in daily life have been 
improved with the aid of materials testing and by a full understanding 
of strength of materials. An understanding of the significant 
properties of materials is very important for any consumer today. It is 
even more important for people working in most technical or trade 
fields, where they may select or specify materials, or where they 
fabricate or build things which are dependent on properties of 
materials. Courses in materials are usually offered on a college level 
and usually require a good background in mathematics. Very little has 
been done to simplify the traditional approach to materials courses to 
make it practical to teach at a more elementary level (Materials 
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Technology, 1966). 
Background 
The ancient Greeks, Romans, Egyptians, and other early 
civilizations had some knowledge of strength of materials. They built 
many magnificent and long-lasting structures. However, most of their 
knowledge of strength of materials was lost in the Middle Ages and not 
regained until later. The development of the modern science of strength 
of materials began after the Middle Ages during the Renaissance when 
interest in all scientific areas was revived. Some of the earliest work 
of this period involved scientific investigation by Leonardo da Vinci 
(1452-1519) to determine the forces acting in members of structures and 
to test materials to determine their strengths. 
The industrial revolution, which began in the late eighteenth 
century, and later technical developments continuing to the present time 
have provided many new areas of application for strength of materials. 
The development of iron bridges, railway engineering, machine design, 
and aircraft design are examples. In connection with new problems and 
experiences presented by such areas of application, much additional 
knowledge has been gathered which, together with the developments of 
previous centuries, comprises our current knowledge of strength of 
materials. Engineers and scientists in many parts of the world have 
contributed to this storage of knowledge. 
Tremendous progress has been made in strength of materials since 
" Leonardo da Vinci's time. A vast knowledge exists at present and is 
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used in all areas of engineering. However, strength of materials is 
still a dynamic science. Efforts are continuing toward the development 
of improved methods of stress analysis and the expansion of knowledge 
concerning the mechanical and behavior of materials (Willems et al., 
1981, pp. 1-5). 
There are many materials testing laboratories that use universal 
testing machines as part of their material testing procedures. Usually, 
these are manually operated. The final calculations are made by hand 
with the aid of a pocket calculator. After the numerical answers have 
been determined, the researcher must search for other pertinent 
information in the appropriate metallurgical handbook(s) graphs, and 
charts. This procedure can be made more efficient with the aid of a 
computer. Instead of peering at a wandering meter dial or at a quiggly 
line on a strip chart, why not let a computer get the eye strain? 
Better yet, why not let the computer process that information as well as 
collect it? The key to getting the most out of computerized measurement 
is careful planning. You need to: decide how often to sample the data 
signal and with what resolatio-n, choose what computation will be 
performed by the computer and which ones by custom analog or digital 
circuitry, and decide what information to process in real time {while 
the measurements are being made) and what information to save for later 
processing. A measurement must usually deal with a signal that is the 
voltage analog of some physical variable. To record such a signal, you 
would need to note its exact value at every moment. This isn't 
practical, so the task is to take samples of the signal with enough 
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frequency and accuracy that you can store a reasonable close facsimile 
of the signal. The question then becomes "how frequent is frequent 
enough?" (Wyss, 1984). 
By managing the functions above, the pertinent calculations and 
historical metallurgical data can be input quickly and calculations made 
without injecting human error. The calculation and historical 
metallurgical data can be stored in individual files for retrieval at 
some later date. Ford (1985) supports this approach by noting that 
almost all laboratory computer applications can be described as one of 
the following functions: (1) control of experiments, including timing 
and synchronizing external events and setting external voltages; (2) 
data acquisition, usually through the digital conversion of analog 
electrical signals; (3) data storages; and (4) data analysis make 
computers most appealing in the laboratory. These functions are common 
to most computer applications. 
A common practical problem in large data processing applications is 
the identification of records pertaining to a particular individual or 
entity. If the records are accessible through a key and the value of 
the key is known, then the retrieval problem is the standard one 
addressed by data base researchers and practitioners (Johnson, 1983), 
Glover and Bargainer (1981) observes that the introduction of the 
microprocessor as an inexpensive, programmable component in electronics 
systems with application to many areas of our society has challenged 
universities to offer an undergraduate program which merges the 
disciplines of computer science and electrical engineering. The new 
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discipline has come to be called computer engineering, and the way in 
which these programs have evolved in universities is varied. 
Keep this merging concept in mind and the development of relatively 
inexpensive, high-capability computers are within the financial reach of 
large segments of society (Capehart et al., 1981). Why not merge 
existing metallurgical lab equipment with the microcomputer for reliable 
and repeatable input and output data? Capehart et al. (1981) further 
observed that industrial and systems engineers have a critical need for 
education in application of microprocessors, since the industrial use of 
microprocessors is growing at a tremendous rate. 
Therefore, by interfacing the universal testing machine to the 
computer, it could have implications for the classroom and industry. 
Further, by interfacing the computer with the universal testing machine, 
a "new" educational product would be created for possible production and 
distribution. 
Meed for the Study 
One of the most powerful and flexible techniques to emerge from the 
continuing evolution in digital technology has been microprogrammed 
computer control. Academic interest in this technique results from its 
widespread commercial adoptions and its potential for simplifying 
program solutions and giving equipment flexibility to meet changing 
requirements (Purvis et al., 1981). Also, the rapid growth of 
microprocessors has created a need for university-level microprocessor 
courses with supporting laboratory facilities. In the earlier days of 
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the microprocessor revolution, very little equipment was available for 
teaching laboratories. As a result, most systems were custom-built on 
altered versions of industrial development systems. However, there are 
now a variety of teaching-oriented systems available. In many cases, 
systems are aimed at a specific level and are not well suited for 
general purpose uses. The more complex systems are expensive and a 
considerable investment is required to equip a teaching laboratory 
(Bennett et al., 1982). 
There is a need for an inexpensive interface between the universal 
testing machine and the microcomputer. The interface and software 
should be "simple to use" and "natural" (Pilote, 1983). Criteria for 
such an endeavor should include: 
(1) easy access to data, data representation and manipulation, 
control of procedures of input/output systems (Haynes, 1983); 
(2) capability of creating student files for data storage and 
retrieval ; 
(3) the computer and the interfacing components should be off-the-
shelf items and inexpensive (Purvis et al., 1981). 
The educational value will be the ability to store into each 
student's file the data pertaining to the specimen in question. This 
file can be readily updated with new information about the specimen, 
i.e. where the specimen metallurgical composition are commonly used in 
the real world. Example - 1020 steels are used as carborized parts in 
manufacturing automobile wrist-pins (Machinery's Handbook, 20th edition, 
1978, p. 2101). Also, any false or erroneous information about the 
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specimen can be corrected. 
Statement of the Problem 
The problem addressed by this effort was to research, develop, 
validate, field test, and investigate an inexpensive interface between 
the VEGA universal testing machine and a microcomputer. In addition, an 
investigation of the educational or instructional value was deemed 
important. With the above items under consideration, the problem 
addressed was to create an inexpensive interface, because one does not 
now exist. 
The existing conventional procedure is manually operated and time 
consuming with low resolution and a high probability of human error when 
reading the load dial, this was caused by parallax and graduation marks 
interpretation. The microcomputer was projected to have a higher 
resolution with more accuracy. The microcomputer was anticipated to be 
faster in retrieving the test data from the computer's memory. 
Purpose of the Study 
The purposes of this study were to: 
(1} Develop a procedure for interfacing microcomputers (personal 
home computers) to a VEGA Universal Testing Machine (i.e., 
connect the data acquisition and control board, develop the 
electrical connections, etc.). 
(2) Develop a computer program that will store and retrieve 
pertinent information about the metallurgical properties of 
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certain specimens (i.e., modulus of elasticity, Brinell 
hardness number, yield point, reduction of area, tempering 
temperature, etc.). 
(3) Develop a computer program that when used with the VEGA will 
compute the pressure per square inch on the cross-sectional 
area. 
(4) Compare this method of interfacing with an expensive 
commercially-built computer-controlled Universal Testing 
Machine to assess if a relative inexpensive method will yield 
equivalent results, within the limits of the equipment. 
(5) Pilot test for reliability of data acquisition. 
Objectives of the Study 
Part I. Research and development questions for interfacing the 
microcomputer. 
(1) Can an effective method be developed? 
(2) Can an effective computer program for storing and 
retrieving data concerning the specimen be developed? 
(3) Can inexpensive interfacing components be developed or 
identified (i.e., the pressure transducer, data 
acquisition-control board, potentiometer)? 
(4) Can a statistical predictive equation be developed for 
predicting data about the test specimen? 
(5) What is the current cost for developing the interfacing 
components and purchasing the Commodore-64 computer 
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system? 
Part II. Research questions of the study: 
(1) Is there a difference between the maximum load values 
determined by the conventional method and the maximum load 
values determined by the computer method? 
(2) Is there a difference between the ultimate strength values 
determined by the conventional method and the ultimate 
strength values determined by the computer method? 
(3) Is there a difference between the Brinell hardness number 
determined by the conventional method and the Brinell 
hardness number determined by the computer method? 
(4) Is there a difference between the yield point values 
determined by the conventional method and the yield point 
values determined by the conventional method? 
(5) Is there a difference between the reduction of area values 
determined by the conventional method and the reduction of 
area values determined by the computer method? 
(5) Is there a difference between the tempering temperatures 
determined by the conventional method and by the computer 
method? 
(7) Is there a difference between the percentages elongation 
determined by the conventional method and by the computer 
method? 
(8) Is there a difference between the unit deformations 
determined by the conventional method and the computer 
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method? 
(9) Is there a difference between the modulus of elasticity 
values determined by the conventional method and the 
modulus of elasticity values determined by the computer 
method? 
(10) Do students using the computer methods require less 
overall time in completing the specimen data sheet than 
students using the conventional methods? 
(11) Do students using the conventional methods of using the 
VEGA tester have lower specimen data sheet scores than the 
students using a computer-interfaced device? 
Basic Assumptions 
The interfaced microcomputer procedures will represent a less 
expensive method, 30-33 percent cheaper than the nearest commercially 
prepared method and equipment, for interfacing computers with VEGA 
universal testing machines. 
Students enrolled in the material testing classes at A & T State 
university, Greensboro, N.C., are representative of all students 
enrolled in parallel material testing classes. 
All specimen were the same metal1urgicall y and machined to 
specifications. Since the specimen are randomly assigned to the 
treatment and control conditions, any difference in specimen occur by 
chance. 
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Delimitations or Scope of Investigation 
The subjects used for this study were students enrolled in the 
material testing classes at A & T State University, Greensboro, N.C. 
The treatment of the investigation was administered on an 
individual subject. 
All specimens were prepared by the researcher, i.e., placing 2 inch 
gage length mark on each specimen, read all micrometer and/or vernier 
gage reading for each student when needed. This eliminated the 
difference that might occur in student differences in their ability to 
read the micrometer or vernier gage. 
Performance of all students in the control and experimental group 
were timed. 
Definitions of Terms 
CONVENTIONAL METHOD - the standard American Society of Testing Materials 
(ASTM) manual procedures. 
PRESSURE TRANSDUCER - converts pressure to an electrical signal. 
Modulus of elasticity provides a measure of the stiffness of a 
material. It is a calculated value which expresses the ratio of 
stress (load) to strain (deflection). 
YIELD POINT - it is the stress at which strain may increase without any 
further increase in stress. 
STRAIN - is the change in shape or size of a body under stress. 
STRESS - is the intensity of the internal force that resists the load, 
measured in force per unit area. 
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LOAD - is the force applied to a specimen, structure or machine part. 
STRENGTH - refers to the resistance to failure of a structure, specimen, 
a single piece of material. 
TENSILE STRENGTH - the applied load tends to pull the specimen apart 
along its neutral axis. 
A "UNIVERSAL TESTING MACHINE" refers to a type of versatile machine that 
can apply compression and tensile loads to a variety of specimens. 
The BRINELL HARDNESS TEST - relates to the specimen's resistance to 
penetration, resistance to scratching or abrasion, and resistance 
to cutting or machining. 
REDUCTION OF AREA - the amount that the specimen necks down in cross-
sectional area at the break, in comparison to the cross-sectional 
area before the break. 
TEMPERING TEMPERATURE - the temperature used to process the specimen. 
NOTE: Definitions from Materials Technology Laboratory Manual, 
Vega Enterprises Inc., 1975, Decatur, Illinois. 
Summary 
The need, statement of the problem, purpose, and objectives suggest 
the feasibility for developing and testing an inexpensive microcomputer 
interface for the vega universal testing machine. 
This chapter presented the history of the development and growth of 
strength of materials from ancient Greeks, etc., up to and including the 
modern day effort used to develop and test "new" material alloys. 
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CHAPTER II. LITERATURE REVIEW 
The review of literature is organized in the following order; A 
brief history of the development of strength of materials, the 
investigation and discussion of how the early calculating devices, i.e., 
abacus, calculators, and computers, aided humankind in manipulating and 
managing numerical data. The next section of this review focuses upon 
laboratory testing, laboratory monitoring, laboratory simulations in 
academic programs that used the microcomputer as an interfacing scheme 
to monitor, manipulate, manage, and disseminate numerical data. The 
fourth section investigated the types of classroom instructional units 
and activities that can be simulated by utilizing the microcomputer. 
The final section of this review investigated the types of transducer 
devices that can be used to interface the microcomputer with other 
laboratory apparatus for data acquisition. 
Brief History 
The ancient Greeks, Romans, Egyptians, and other early 
civilizations had some knowledge of strength of materials. They built 
many magnificant and long-lasting structures. However, most of their 
knowledge of strength of materials was lost in the Middle Ages and not 
regained until later. The development of the modern science of strength 
of materials began after the Middle Ages during the Renaissance when 
interest in all scientific areas was revived. Some of the earliest work 
of this period involved scientific investigation by Leonardo da Vinci 
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(1452-1519) to determine the forces acting in members of structures and 
to test materials to determine their strengths. 
Later, during the seventeenth century. National Academies of 
Science were established in Italy, England, France, Germany, and Russia. 
These provided an impetus for scientific investigations in strengths of 
materials, as in other areas of science. During this time, famous 
scientists such as Galileo, Hooke, Mariotte, and John and Jacob 
Bernoulli developed fundamental knowledge concerning the behavior of 
beams, columns, and rods and investigated the strength and other 
mechanical properties of materials. Also, Sir Issac Newton (1642-1727) 
developed the concepts of Newtonian mechanics, which become key elements 
of strength of materials. 
During the eighteenth century, the scientific studies of the 
seventeenth century were extended and further applied to practical 
situations. The fields of military and structural engineering were 
developed, the first engineering schools were established, and the first 
structural-engineering books were published. Much testing on the 
mechanical properties of building materials such as wood, stone, steel, 
and brass was done and the theories of retaining walls and arches were 
developed. 
In 1795, the famous Ecole Polytechnic was established in France as 
the first school to use the lecture-laboratory system and included the 
study of basic subjects such as mathematics, physics, and chemistry in 
its curriculum. The school produced many famous scientists and 
engineers, among them Poinsot, Biot, Poisson, Cauchy, and Navier. These 
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men were responsible for significant advances in strength of materials 
during the nineteenth century. Most of the theoretical basis for modern 
strength of materials had been developed by the end of the nineteenth 
century. 
The industrial revolution in the U.S., which began in the late 
eighteenth century, and later technical developments continuing to the 
present time have provided many new areas of application for strength of 
materials. The development of iron bridges, railway engineering, 
machine design, and aircraft design are examples. In connection with 
new problems and experiences presented by such areas of application, 
much additional knowledge has been gathered which, together with the 
developments of previous centuries, comprises our current knowledge of 
strength of materials. Engineers and scientists in many parts of the 
world have contributed to this accumulated knowledge. 
Tremendous progress has been made in strength of materials since 
Leonardo da Vinci's time. A vast knowledge exists at present and is 
used in all areas of engineering. However, strength of materials is 
still a dynamic science. Efforts are continuing toward the development 
of improved stress analysis and the expansion of knowledge concerning 
the mechanical and behavior of materials (Willems et al., 1981, pp. 1-
5). 
Early Calculating Devices 
The abacus, a primitive calculating device in which numbers are 
represented by counters. It has been used wherever the decimal system 
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is not known. In the modern abacus, the counters are shifted along 
rods. The abacus is still used by school children and oriental 
businessmen and for scoring in billiards (Dunham, 1963, p. 10). 
In 1822, Dr. Charles Babbage outlined the difference machine, a 
mechanical device similar to today's electronic computer. In 1890, 
Herman Hollerith used prepunched cards to record information for the 
1890 census. His machine recorded mathematical data by means of 
completing an electrical connection through the punched holes. 
From Babbage's calculating machine evolved the world's first large-
scale computer, ENIAC (Electronic Numerical Integator and Computer). 
This computer weighs 30 tons, takes up 15,000 square feet of space, and 
uses 40,000 vacuum tubes. Today, some desk-top computers solve ordinary 
arithmetic problems 18 times faster than the ENIAC did. 
The advances in the computer chip technology have made the 
microcomputer accessible to many people who never dreamed that they use, 
let alone own, a computer. Personal computers (PC, i.e., microcomputer) 
have brought nothing less than a revolution to the ways people learn, 
work, and play. 
This PC revolution has hit America's schools. According to an 
April 1982 survey of instructional uses of computers in public schools 
conducted by the National Center for Educational Statistics, the 
nation's elementary and secondary school students had access to 96,000 
PCs and 24,000 computer terminals in spring 1982. The number of PCs in 
schools was expected to increase by 52,000 during the 1982-1983 school 
year. 
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Ten years ago, $10 bought a computer chip with a capacity of 1,000 
bits. Today, that same $10 will buy a chip with a memory capacity 20 
times larger. In the late 1950s, a medium-sized chip computer with a 
capacity of 180,000 bits would have set you back a quarter of a million 
dollars. Today, PCs offer three times as much memory for less than 
$2,000 (Passmore et al., 1984). The rapid technological advances of the 
past decade has brought relatively inexpensive, high-capability 
computers within the financial reach of large segments of society. The 
attendent reduction in size and cost has changed the market in computers 
from use only by big business to ownership by small business and 
educational institutions, individuals, and to use for such every day 
applications as electronic games, automobiles, household appliances, and 
industrial control systems. The knowledge of microprocessors and the 
ability to use them are skills which are becoming increasingly valuable 
for society (Capehart et al., 1981). 
One of the most powerful and flexible techniques to emerge from the 
continuing evolution in digital technology has been microprogrammed 
computer control. In order for a computer to accomplish data 
processing, a series of sequential and combinatorial events must be 
controlled in a specified manner. This controlling function may be 
accomplished by either of two principle-broad techniques: use of random 
logic or microprogramming. Random logic control is implemented by 
providing a unique group of logic circuitry which accepts each 
instruction, the status bits, and the clock pulses as inputs, and 
outputs the various latch and buss setting as well as control pulses to 
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the active elements. Thus, the machine instruction set implemented by 
the computer and the function it performs are fixed by hardware. 
Microprogramming has become an important facet in understanding and 
utilizing current digital technology (Purvis et al., 1981). However, 
some of the major drawbacks of existing computer systems are due to the 
lack of support for the software life-cycle and the unnecessary 
restriction on the use of tools (Kuo, 1983). 
The hardware-software interface involves the major facets of 
computer architecture: access to data, data representation and 
manipulation, control structures, procedures, and input/output systems 
(Haynes, 1983). The design of "simple to use" and "natural" user 
interfaces are most important in providing a framework for a uniform 
representation of the various types of knowledge required to support the 
methodology and the resulting user interface (Pilote, 1983). 
Microcomputer Interface Laboratory Programs 
The Engineering Technology Department at Western Kentucky 
University infused computers into the curriculum. These microcomputers 
are used to provide homework assignments, computerized laboratory 
reporting, and testing. 
The lab test program will allow access only to students enrolled in 
the course. Also, the program is designed to question the student not 
only on lab data, but also on equipment and equipment operation. 
Hargis and Evilia, 1982, makes the following observation, "As 
virtually everyone involved in science and science training is aware. 
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the recent advances in integrated circuits, microelectronics, and 
computers have dramatically altered the design and operation on modern 
equipment. The speed with which new advances are reported puts 
tremendous pressure on teaching institutions with limited budgets." In 
addition to giving students experience on the types of instruments they 
will operate in industry, the new equipment saves time for mastery of 
such techniques as sample preparation (Stinson, 1981). 
Kenshenbaum et al. (1980) notes that the gap between academic 
research activities and industrial application in the field of process 
control appears to be large. Some reasons for this are immediately 
apparent: advances in electronics and aerospace have brought about the 
theory necessary to solve some control problems which were otherwise 
insolvable; corresponding development in computer power have made these 
soluble in a reasonable amount of time; thus, the area has been 
perceived as an interesting subject for academic research. 
By itself, the microprocessor does not perform a useful function, 
but, it can be used as the basis of a very wide range of systems that 
have made a tremendous impact on society. In the factory, 
microprocessor systems are controlling processes and manufacturing 
(Cuthbert, 1981). 
Other applications using the microcomputer interfaced procedures 
are varied. Some understanding of the basic functions of molecules by 
examining the size and shape of a given molecule, using either a real 
physical model or computer-graphic representation of the molecule 
(Kirkland, 1985); also, multiple radiosotope counting and scanning 
20 
(Copcutt, 1983). 
Almost all laboratory computer applications can be classified by 
the following functions: (1) control of experiments, (2) data 
acquisition, (3) data storage, and (4) data analysis (Ford, 1985). 
Controlling robots (Zeinder, 1983), manipulators (Chung, 1983), and 
analyzing structural facilities for dynamic stability (Rajan, 1983) are 
examples of some computer applications. 
Academic interest in this technique results from its widespread 
commercial adoption and its potential for simplifying program solutions 
and giving equipment flexibility to meet changing requirements (Purvis 
et al., 1981). 
Classroom Instructional Units and Activities 
Many commercial instructional programs can be purchased for use 
with the microcomputers. Most programs currently available are intended 
for supplementary drill and practice in the classroom; 95% of the 
largest computer-based instruction packages are arithmetic programs. 
The major emphasis of most programs is skill development and recall of 
previously-learned facts, managing numerical data, and controlling 
laboratory processes. 
Of course, vocational instructors can develop their own 
instructional programs. A number of systems and languages are available 
for creation of instructional programs. These systems and languages 
help authors control the presentation format of subject matter, process 
student responses to program prompts, and structure collection and 
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analysis of data concerning student progress and program effectiveness. 
Authoring language can make computer-based instruction more efficient 
(Passmore et al., 1984). 
The most important advantage in using the computer in classroom 
activities is the ability of accessing data, data representation and 
manipulation, and controlling (managing) the data (Haynes, 1983). A 
problem in large data processing applications is the identification of 
records pertaining to data entity and/or individuals. The records must 
be accessible for retrieval by the classroom instructor or students 
(Johnson, 1983). Access to the lab program must be only for students 
enrolled in the course (Moore and Baxter, 1983). 
Additionally, the computer can be used to introduce topics from a 
course outline, present questions concerning the topic, tabulating the 
responses to the questions, while indicating the pass/fail status of the 
student. If the student passes a given quiz, he/she can advance to the 
next quiz. If the student fails, the student is advised as to the 
remedial step to be taken before he/she can retake or continue the quiz 
on the given topic. 
The rapid growth of microprocessors has created a need for 
university-level microprocessor courses with supporting laboratory 
facilities (Bennett et al., 1982). Many students have access to 
microcomputer education. Both lecture and laboratory hours continue to 
grow; especially at schools with minimal offering. The typical school 
offers two or three lecture classes with an average of 54.4 50-minute 
lectures per school. An average of 17.4 3-hour laboratory sessions are 
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offered per school. Both lecture and laboratory hours are expected to 
grow at both the undergraduate and graduate level although it is 
indicated that undergraduate laboratory hours catch-up is taking place. 
A wide spectrum of action has taken place to accommodate 
microcomputer education. Courses have both been modified or eliminated, 
in whole or in part. However, the most frequent response is to require 
the number of free electives and require microcomputers or simply add 
microcomputer to the elective list (Jonsson, 1981). This suggests that 
the innovative teacher can possibly interweave microcomputer education 
into an existent course or courses. Glover and Bargainer (1981) further 
support this suggestion when they observed that many universities have 
merged the disciplines of computer science and electrical engineering to 
create the new discipline of computer engineering. Industrial and 
systems engineers have a critical need for education in application of 
microprocessors, since the industrial use of microprocessors is growing 
at a tremendous rate (Capehart et al., 1981) 
However, the rapid proliferation of microprocessors and their use 
has presented engineering education with a number of difficult 
questions. How can microprocessors be included in an already-crowded 
curriculum? What laboratory equipment and facilities are needed? How 
can classroom presentations be kept abreast of the rapidly-changing 
technology (Voltmer and Hulina, 1981)? Jonsson (1981) suggests that 
computer education can become a part of the curriculum by: (1) 
modifying or eliminating existing courses, in whole or in part; and (2) 
adding the required microcomputer to the elective list. This approach 
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would allow the utilization of an existing laboratory by using 
interfacing components. The computer would facilitate keeping abreast 
with the changing technology by the distributing of new information that 
can be stored in the computer's memory. 
Types of Transducer Devices 
An important function in the industrial and scientific use of 
electronics is the measurement of physical parameters such as position, 
temperature, force, pressure, rate of flow of fluid, and so on. This 
can be done in many different ways. Some methods convert the condition 
being measured into a directly observable quantity (for example, in the 
mercury thermometer). However, it is often more desirable to convert to 
an electrical signal. This enhances accuracy and facilitates permanent 
recording of the information, and for control systems, it puts the 
information immediately into the form in which the electronic devices 
and circuits can most readily use it (Faber, 1982). 
Transducers are varied in the kinds of monitoring they must 
perform, i.e., (1) a position-sensing device can be used to monitor the 
position and to control the motors moving the platform in order to 
provide automatic machining; (2) strain gages are used to measure very 
minute amounts of deformation (bending, compressing, or stretching) of 
materials when stresses are applied; and (3) devices that convert light 
energy into electrical output are not only useful in measuring 
illumination, but are useful also in many other ways in which light is 
only supplementary medium rather than the quantity of original concern. 
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Thus, the interruption of a light beam can be used to actuate electrical 
circuits that count objects and a production line opens doors, starts or 
stops a production process when a container is filled, and so on (Faber, 
1982). 
Summary 
While the computer will probably never replace a conscientious 
technology instructor, experiences with microcomputers and interactive 
programs indicate that the computer can be a powerful teaching assistant 
(Moore, 1983). It should be stressed to the students that the computer 
is simply a modern tool (University of Wisconsin). It is effective for 
all instructors, making good teachers even better (Moore, 1983). 
Lux (1984) states that "science is a study of what is. Technology 
is a study of what might be and of how to bring it about" (p. 18). 
Lux's statement is supported by Bradley and Friedenberg (1984) who state 
that "the goal of the teacher in creativity training is to help students 
overcome barriers to creativity by creating an educational climate that 
encourages mental exploration. Within such a climate, the teacher 
provides exercises that stretches the minds of students and helps them 
develop a creative 'mind set' rather than a 'memory mind set.'" The 
microcomputer is uniquely suited for this type of exercises. 
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CHAPTER III. METHODS OF PROCEDURE 
The problem is to research, develop or identify, validate, field 
test, and investigate inexpensive components to interface between the 
Vega Universal Testing Machine and a microcomputer. The following 
objectives of the study were posed. 
Part I. Research and Development Questions 
The research and development questions for interfacing the 
microcomputer were as follows: 
(1) Can an effective method be developed? 
(2) Can an effective computer program for storing and retrieving 
data concerning the specimen be developed? 
(3) Can inexpensive interfacing components be developed or 
identified (i.e., the pressure transducer, data acquisition-
control board, potentiometer)? 
(4-) Can a statistical predictive equation be developed for 
predicting data about the test specimen? 
(5) What is the current cost for developing the interfacing 
components and purchasing the Commodore-64 computer system? 
Identifying the interfacing components for the microcomputer 
In consultation with experts from industry and academia, the 
questions and procedures were deemed to be appropriate. 
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The panel of experts were: 
Mr. Paul Nelson: Sundstrand Company, Manufacturing Engineer, Ames, 
Iowa. 
Mr. Dan Dyvig: Sundstrand Company, Electronic Testing, Ames, Iowa. 
Dr. Richard Morton: Professor/Assistant Director, E.E., CPE. 
Dr. William Miller: Professor of Industrial Education and 
Technology. 
Dr. David Martin: Professor of MSE. 
Dr. John Riley: Associate Professor of Industrial Education and 
Technology. 
Mr. William Negus: Senior Computer Science. 
Mr. Jeffrey Balvanz: Manager, Computer Center. 
Dr. David Cox: Professor of Statistics. 
Dr. Robert Gelina: Associate Professor of Industrial Education and 
Technology. 
The help of the panel of experts proved to be invaluable in guiding 
the investigation in the research and development phase as stated in 
Part 1 of the study. 
Objectives were stated as questions in Part 1. As the research and 
development phase emerged, answers to each of the questions posed were 
resolved as follows: 
Question 1. Experts in the area of computer interfacing were used 
to develop or identify the correct transducers or sensing devices. 
These experts were from industry and the university faculty. These 
consultants agreed that an inexpensive interfaced microcomputer was 
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possible and workable. 
Question 2. The above experts agreed that a basic or common 
computer program can be written to store and retrieve data from the 
computer's memory. 
Question 3. The experts identified a specific inexpensive pressure 
transducer for sensing the pressure change produced by the hydraulic 
jack on the universal testing machine. Also, a potentiometer was 
identified to sense the elongation of the specimen when the hydraulic 
jack pressure was applied. 
Question 4. By taking a series of data points - from zero pressure 
to the pressure where the specimen was broken - a best fit curve 
equation was developed that will replicate the stress vs. strain diagram 
generated by breaking the specimen. The "best" fitting equation was 
tested and should be a cubic equation. 
Question 5. Experts agreed that the relative cost of the 
interfacing components used by the researcher was relatively inexpensive 
due mainly to the inexpensive interfacing components and the use of a 
Commodore-64 microcomputer. 
Equipment and supplies 
Listed below are the components used in conducting the research for 
Parts I and II of the investigation. 
1-Universal Testing Machine-Vega Model VTM-3B or equivalent. 
1-Two-inch gage length marking device. 
1-Rule, graduated in 1/100 inch. 
28 
1-Micrometer or Vernier calipers. 
Ninety-six (96) tensile specimens, approximately 4 1/4 inches long x 
5/16 inch gage diameter, with threaded ends-1020 cold rolled steel. 
Vega Enterprises Inc., Box 3008, Decatur, Illinois, 62526. 
1-Pressure transducer (sensor)-Pressure range 0 to 6000 psig-lOK ohms-
1/4 NPT-Series P-200-G-New England Instrument Company, Natick, Mass. 
1-Gate valve-1/4 NPT-male-female ends. 
1-1/4 NPT reduced to 3/16 male reducing couple. 
1-3/16 diameter x 24 in. long stainless steel tubing. 
2-3/16 diameter NPT nipples. Note: Assemble the nipples on the tubing 
by swaging the ends for very high pressures. 
1-3/16 diameter NPT male-2 female tee. 
1-Data acquisition and control board for Commodore 64-16 channel-12 bit 
resolution-A/D converter-0 to 10 volts input memory mapped-with User's 
Manual and software driver-CGRS Micro Tech, Langhorne, Penn. 
l-Commodore-64 microcomputer plus a disk drive. 
1-CRT. 
1-Potentiometer 10k OHMS-for reading the elongation on the specimen. 
2-9 volt batteries. 
1-10 volt voltmeter. 
Procedure for connecting and mounting the pressure transducer (sensor) 
The step-by-step procedure for mounting the pressure transducer was 
as follows. (See Appendix-Universal Testing Machine Description.) 
After releasing the pressure on the hydraulic jack, disconnect Item No. 
42 from No. 41, connect the 3/16 NPT male-female tee into No. 41 by 
inserting the male 3/16 NPT. Next, connect one end of the assembled 
stainless steel tubing to one female side of the tee (the other end goes 
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to the transducer). Reconnect No. 42 to the other female side of the 
tee. 
Mount the transducer (see Appendix-mount transducer here) 3 in. +. 
1/4 in. from the left end and 3 in. ^ 1/4 in. from the back side by 
drilling a .567 in. + 1/16 diameter hole through the top support plate. 
Secure the gate valve in the mounting hole with the female end up and 
the male end down. Attach the transducer in the up-end of the gate 
valve. Next, attach the other end of the assembled stainless steel 
tubing into the down end of the gate valve. Check for leaks. 
Procedure for interfacing the universal testing machine to the 
microcomputer 
The procedure followed in the assembly of the interfacing of the 
microcomputer and the Universal Testing Machine was as follows. (See 
Appendix-Wiring Diagram and Appendix-Vega Universal Testing Machine.) 
Insert the data acquisition control board into the expander port on the 
Commodore-64 microcomputer. Next, wire as per Wiring Diagram into the 
control board. Next, wire the potentiometer, into the control board. 
Load the Commodore-64 program to output the desired results (see 
Appendix). The experimental group will collect the data and evaluate. 
Pilot test 
The pilot test was to determine the reliability values. These 
values were the starting load value, the pressure value at the end of 
the proportionality range (see Figure 1) on the stress-strain diagram. 
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the ending pressure value at the specimen "break" point, and the time in 
seconds to run the computer program. 
The starting load was two hundred pounds. Each specimen was pre­
loaded to this value to ensure "snuggness" of fit in the specimen 
holding vices. 
The pressure value at the end of the proportionality range was 2329 
psi or 5.01 volts on the voltmeter. 
The specimen "break" point value was 2450 psi. 
The time sequence value in seconds is 5 to 10 seconds. This will 
allow ample time for the specimen to "break" and the computer to store 
the calculated values in the student file. 
Part II. Research Design 
The experimental design selected for the field testing was the 
posttest-only control-group design (Borg and Gall, 1983). The steps 
involved were as follows: random assignment of subjects to the 
experimental and control groups, administer the treatment to the 
experimental group but not to the control group, and both groups were 
posttested. 
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The experimental design was: 
R X 0^ - Treatment group using the computer 
interfaced tester for data retrieval. 
R 0^ - Control group using the conventional 
methods for data retrieval. 
Where, R = Random selection; X = Treatment; 
0^ = answers to the questions on the Specimen Data Sheets (test) 
completed by the treatment group. 
0^ = answers to the questions on the Specimen Data Sheets (test) 
completed by the control group. 
Research questions of the study 
(1) Is there a difference between the maximum load values 
determined by the conventional method and the maximum load values 
determined by the computer method? 
(2) Is there a difference between the ultimate strength values 
determined by the conventional method and the ultimate strength values 
determined by the computer method. 
(3) Is there a difference between the Brinell hardness number 
determined by the conventional method and the Brinell hardness number 
determined by the computer method? 
(4) Is there a difference between the yield point values 
determined by the conventional method and the yield point values 
determined by the conventional method? 
(5) Is there a difference between the reduction of area values 
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determined by the conventional method and the reduction of area values 
determined by the computer method? 
(6) Is there a difference between the tempering temperatures 
determined by the conventional method and by the computer method? 
(7) Is there a difference between the percentages elongation 
determined by the conventional method and by the computer method? 
(8) Is there a difference between the unit deformations determined 
by the conventional method and the computer method? 
(9) Is there a difference between the modulus of elasticity values 
determined by the conventional method and the modulus of elasticity 
values determined by the computer method? 
(10) Do students using the computer methods require less overall 
time in completing the specimen data sheet than students using the 
conventional methods? 
(11) Do students using the conventional methods of using the Vega 
tester have lower specimen data sheet scores than the students using a 
computer-interfaced device? 
Selection of sample subjects 
The students enrolled in the material testing classes at A & T 
State University were randomly assigned to two groups. Both groups will 
receive preliminary instructions and a trial "work through" using the 
conventional method. Using "close approximate" values along with the 
specimen data sheet, the researcher demonstrated how the formulas are 
used to calculate the relative calculated values with the physical 
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property charts to answer the metallurgical questions concerning the 
specimen. After the preliminary instructions, one group received the 
treatment by using the computer to retrieve data about the test 
specimen. The other group retrieved data about the specimen by the 
conventional method. 
The subjects used in the study were enrolled in the Mechanical 
Engineering Materials Testing Laboratory (20 subjects) and strength of 
materials class (33 subjects) at A & T State University, Greensboro, 
North Carolina. The experimental design was planned for 60 subjects to 
participate; therefore, seven subjects were chosen from the students who 
had previously completed the strength of materials class. Out of a 
total of 60 subjects, four were females, two were mechanical engineering 
majors, and two were industrial technology majors. 
Preparation of specimens 
The control and experimental groups will each have 30 specimen 
randomly selected. The researcher prepared and set up the specimens in 
the testing machine for each individual member of the two groups. There 
were 60 specimens (30 for each group). All specimens were 1020 cold-
rolled carbon steel series. The specimens were the standard American 
Society for Testing and Materials (ASTM) specified size; approximately 4 
1/4 inches long x 5/15 inch diameter with threaded ends for mounting. 
Each specimen had a 2 inch gage length for measurement of deformation 
and cross-sectional area reduction. 
Each student had 30 minutes to complete the project and answer the 
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question sheet. The control group used the metallurgical graphs, charts 
and tables to answer the question sheet. The experimental group used 
the metallurgical data stored in the computer memory to answer the 
specimen data sheet. 
Unit of instruction in materials testing 
Tests have been developed for measuring all of the common 
properties of engineering materials listed in the definition of terms, 
such as optical, chemical, physical, and mechanical properties. In 
engineering materials, however, mechanical properties were the most 
important. The earliest tests were concerned with strength and the term 
"testing machine" if not further qualified, has come to mean a machine 
for applying known loads (a strength tester). 
A "universal testing machine" refers to a type of versatile machine 
that can apply compression and tensile loads to a variety of specimens. 
It is the most useful single testing machine, and it is the most widely 
used. With suitable accessories, it can measure many strength 
properties, including tension, compression, shear, flexure, modulus of 
elasticity, and hardness. 
The following experiment is an example for testing tensile strength 
and ductility (Materials Technology, 1956, p. 19). 
Purpose; To become familiar with the technique of measuring the 
tensile strength of ductile materials. 
References; Davis, 1964, p. 114-138; Liddicoat and Potts, 1954, 
pp. 51-58. 
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Discussion of Experiment; Tensile strength is perhaps the single 
most important property of engineering materials. Tensile tests are the 
most commonly made and among the simplest of all mechanical tests. When 
tensile tests are made with a ductile material, it is common practice to 
also determine ductility of the specimen by measuring elogation of a 
portion of the sample. This experiment demonstrates typical procedures 
used in a tensile-elongation test. Knowledge of the following terms is 
necessary for understanding tensile properties of materials. 
Tensile strength is that property of a material which gives its 
resistance to being separated by two forces acting in opposite 
directions. It is a measure of its maximum resistance to the separating 
forces. It is expressed, usually, in terms of strength of a one-inch 
square cross section of material, or "pounds per square inch" (psi). 
Specimens of any practical size may be tested, but results are given in 
terms of pounds per square inch. 
Ductility is the capacity for plastic deformation. A ductile 
material can withstand considerable drawing out, hammering, or other 
forming without breaking. The term, "plasticity," has much the same 
meaning, but "ductility" is commonly used in reference to metals. The 
following are the two common measurements of ductility; 
1. Percentage Elongation — When a ductile material fails in 
tension, it stretches considerably before failure. This stretching is a 
function of ductility. To determine percentage elongation, gage marks, 
usually center punch marks, two inches apart are made on the specimen 
before testing. After fracture, the ends of the specimen are pressed 
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together and the distance between marks is again measured, and the 
percentage elongation of the gage spacing is calculated. 
2. Percentage Reduction of Area — When a specimen fails in 
tension, the specimen "necks down" at the point of failure while it 
elongates. This necking down is also a function of ductility. To 
determine the percentage reduction of area, the original diameter of the 
specimen at the fracture is also measured after failure. Areas are 
found and the percentage reduction of area is calculated. 
Deformation is a general term indicating any physical change of 
form of a material. Deformation always occurs when a material is 
loaded. 
Elastic deformation occurs when the applied load is small enough so 
that the material springs back to its original shape when the load is 
removed. A spring exhibits elastic deformation. 
Plastic deformation occurs when the load is large enough so that 
some of the change of shape is permanent. The common terms for plastic 
deformation are "bending," "stretching," or "crushing," depending on the 
kind of load applied. 
Tensile testing of ductile materials is- commonly done with plain or 
threaded end round specimens, with the center turned down to a reduced 
diameter to provide for a two-inch gage length. Specimen diameter can 
be any practical size, within the capacity of the machine. However, 
5/15 in. and .505 in diameters are common. The areas are 1/13 and 1/5 
in., respectively, so that tensile strength in psi can be obtained by 
multiplying the load on the machine by 13 and by 5. For most accurate 
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results, however, the specimen should be measured to the nearest .001 
in. and actual area found and used to calculate strength. 
When a ductile specimen is loaded in tension, load will quickly 
rise to a maximum value until the material reaches the limit of elastic 
deformation. Additional load plastically deforms the specimen, and it 
starts "necking down" at some point. The load normally decreases as the 
specimen necks down, and failure usually occurs at a load less than the 
liia A I mum* 
Equipment and supplies: 
Universal testing machine. 
Two-inch gage length marking device. 
Dividers. 
Rule, graduated in 1/100 inch. 
Micrometer or vernier calipers. 
Three tensile specimens, 5/15 gage diameter, with threaded 
ends, one each - cold rolled steel, wrought aluminum, 
wrought brass. 
Review of calculation for tensile strength: 
maximum load, lbs. 
ultimate tensile strenath = specimen area, sq. 
percentage elongation . len.th^-^onglnal^lençt. x 100 
percentage reduction in area = original area - final area x 100 original area 
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Procedure: Set up the machine with the grips for 3/8 in. threaded 
end specimens in the upper tensile gage. Measure and record the exact 
diameter of the specimens. Mark exact two inch gage length centers very 
lightly on each specimen by placing it in the anvil of the marking 
device and striking the arm lightly. 
Mount a specimen in the machine. Be sure to turn the ends into the 
grips at least two diameters to avoid stripping the threads from the 
specimens. Adjust the handwheel below the lower platen to take up 
nearly all the free travel in the specimen mounting, but do not apply 
load. 
Zero the load-indicating gage with the adjusting knob on the lower 
right side of the gage. Bring the red maximum-indicating hand down into 
contact with the top of the indicating hand. The red hand indicates 
maximum load reading, but it also introduces a slight drag on the 
indicating hand that tends to depress load readings slightly. When 
maximum accuracy is required, operate with the maximum hand swung out of 
the way of the load pointer, and observe the maximum load directly. 
Close the valve on the front of the machine using only enough 
pressure to present by-pass leakage. Start applying the load by pumping 
slowly and at a uniform rate. As the load increases, it is convenient 
to use only the lower part of the stroke, as the mechanical advantage is 
much greater. 
Observe and record the maximum load reached and continue loading. 
When the specimen has started to "neck down" noticeably, stop loading 
and grasp the necked-down portion to see if its temperature has changed. 
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Continue to load slowly and uniformly, and observe and record the load 
at the time of failure. This will probably be less than the maximum 
load reached earlier in the test. 
Measure the new distance between gage marks of the specimen. Press 
the broken ends together, taking care to position the ends as they were 
prior to failure. Measure the separation of the gage marks by 
transferring the distance between marks with a divider to a scale 
reading in 1/100 of an inch. 
Measure the reduced diameter of the specimen at the break with a 
micrometer or a vernier caliper. 
Examine the shape and texture of the fracture area. Different 
materials have characteristic types of fractures. 
Repeat this procedure for each specimen. 
Calculate the ultimate tensile strength of each specimen, based on 
the maximum load applied. Also, calculate the percentage elongation and 
the percentage reduction of area for each of the samples. 
There are other experiments listed in the Materials Technology 
Laboratory Manual. 
Universal testing machine interface 
By interfacing the universal testing machine with a microcomputer, 
the following tensile test can be performed.: 
Relative stress, strength, deformation, tempering temperature, 
yield point, modulus of elasticity, percentage of elongation, reduction 
of the cross-sectional area, etc. The above items are directly related 
40 
to the alloying content used with iron in manufacturing alloy steel, 
with a given tempering temperature (quenching). 
The following procedure and equations were used to calculate or 
determine the relative values of each of the above items. 
After the specimen was prepared and set-up, each student in both 
groups broke the specimen - noting the value at the "break" point on the 
load dial. The student completed the specimen data sheet by using the 
formulas and the physical property charts. 
Procedure for the control group 
Steps to be followed in preparing and setting up the specimen; 
1) Place two tick marks on each specimen 2 inches apart. (See 
Appendix.) 
2) Mount the specimen into two (2) holding devices by screwing the 
threaded ends at least 1/2 inch deep into each holding device. 
This is the specimen assembly. 
3) Next, mount the specimen assembly on the universal testing 
machine's two horizontal cross support frames. 
4) Next, snug the mounted assembly until the load dial indicates 
approximately 2 or 3 hundred pounds. Reset the load dial and 
the trailer hand to zero pounds. 
5) The specimen set-up is now ready to be broken. 
After the experimenter has prepared and set-up the specimens, 
starting time was noted, and each student broke the specimen - noting 
the load dial value in pounds at the "break" point indicated by the red 
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trailer hand. The student completed the specimen data sheet. 
Using the specimen data sheet and the physical property charts for 
heat-treated steel, the student answered the questions on the Specimen 
Data Sheet (see Appendix) (Hypotheses 1, 2, 3, 4, 5, 6, 7, 8, and 9). 
Procedure for the experimental (treatment) group 
Steps followed in preparing and setting up the specimen for testing 
on the universal testing machine and interfacing, the pressure 
transducer, analog-digital converter, the potentiometer, the 9-volt 
battery, the voltmeter-10 volt range, and the Coramodore-64 computer 
system: 
1) Place two tick marks on each specimen 2 inches apart. (See 
Appendix.) 
2) Clamp the specimen in the potentiometer mechanism (See Fig. 1) 
by adjusting the inside edges of the clamps to coincide with 
the 2-inch tick marks. Tighten the two clamp screws to secure 
the inside edge of the clamp at the tick marks. This is the 
specimen and potentiometer assembly. 
3) Mount the specimen and potentiometer assembly into two (2) 
holding devices by screwing the threaded ends at least 1/2 
inch, or more, deep into each holding device. 
4) Next, mount the specimen and potentiometer assembly on the 
universal testing machine's two horizontal cross support 
frames. 
5) Next, snug the mounted specimen and potentiometer assembly 
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until the load dial indicates approximately 2 or 3 hundred 
pounds. Reset the load dial and trailer hand to zero pounds. 
Turn the potentiometer fully left. Turn the computer system 
on. Caution: Always turn the Commodore-64 terminal on last 
when starting up and turn the Commodore-64 terminal off first 
when shutting down! 
6) After the computer system has been started up, set the 
voltmeter at 5.01 volts for channel 1. 
7) The Appendix has the diagram for the electrical connections for 
the potentiometer, 9-volt battery, voltmeter, and the A/D 
converter to the computer. 
8) The Appendix has the diagram for the electrical connections for 
the pressure transducer, 9-volt battery, voltmeter (optional), 
and the A/D converter to the computer. 
9) After the pressure transducer has been electrically connected, 
the computer number will read 4 for channel 0. 
10) The specimen set-up is now ready to be broken. 
After the experimenter prepared and set-up the specimens, starting 
time was noted, and each student will 'break the specimen. Noting the 
values calculated by the computer, he completed the Specimen Data Sheet. 
Using the Specimen Data Sheet and the physical property charts for 
heat-treated steel, the student answered the questions on the Specimen 
D a t a  S h e e t .  ( S e e  A p p e n d i x . )  ( H y p o t h e s e s  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  8 ,  a n d  9 ) .  
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Hypotheses Tested — Alpha = .05 
Hypothesis One. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #1, maximum load. 
H^: (conventional) = Ug (computer) 
H^: (conventional) f Ug (computer) 
Hypothesis Two. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #2, ultimate strength. 
H^: u^ (conventional) = Ug (computer) 
H^: Ug (conventional) / Ug (computer) 
Hypothesis Three. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #3, Brine!1 hardness number. 
H^: u^ (conventional) = Ug (computer) 
H^; L!^ (conventional) / Ug (computer) 
Hypothesis Four. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #4, yield percentage. 
H^: (conventional) = Ug (computer) 
H^: u^ (conventional) / Ug (computer) 
Hypothesis Five. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #5, percent reduction of area. 
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(conventional) = Ug (computer) 
Hg: (conventional) / Ug (computer) 
Hypothesis Six. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #6, tempering temperature. 
(conventional) = Ug (computer) 
(conventional) / Ug (computer) 
Hypothesis Seven. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #7, percentage elongation. 
H^: Uj^ (conventional) = Ug (computer) 
(conventional) / Ug (computer) 
Hypothesis Eight. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #8, unit deformation. 
H^; u- (conventional) = Ug (computer) 
H^: (conventional) / Ug (computer) 
Hypothesis Nine. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #9, modulus of elasticity. 
Hg: Uj (conventional) = Ug (computer) 
H^: Uj (conventional) / Ug (computer) 
Hypothesis Ten. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of the variable #10, total time. 
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H^: (conventional) = Ug (computer) 
u^ (conventional) / Ug (computer) 
Hypothesis Eleven. There is no significant difference in the 
overall summary of the variables in the Specimen Data Sheet scores of 
Group 1 (conventional) and Group 2 (computer) on the measurement of the 
sum of all variables. 
Uj^ (conventional) = u^ (computer) 
u^ (conventional) / Ug (computer) 
Data Analysis - Statistical Tests 
Analysis of variance, F-test and t-test are used to test for any 
variable differences between the two groups. Each variable will be 
tested at the ninety-five percent confidence level. 
Summary 
This chapter presented feasible answers for the research and 
development questions followed by the equipment and supplies list and 
procedure for interfacing. Next, the research design, selection of 
sample subjects, preparation of specimens, and the experimental design 
was presented. A unit of instruction in materials testing, along with 
universal testing machine interface, procedure for the control group, 
and the procedure for the experimental (treatment) group is presented 
followed by the hypotheses to be tested and the appropriate statistical 
analysis. 
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CHAPTER IV. FINDINGS 
This chapter is devoted to reporting the results of the research 
study. The problems were to research, develop, validate, pilot test, 
and investigate an inexpensive interface between the Vega Universal 
Testing Machine and a microcomputer. The study was conducted in two 
phases. Part I was the research and development effort needed to create 
an inexpensive interface. The second phase. Part II, was the 
application of an experimental design selected for the field test. This 
incorporated the educational or instructional value of the equipment 
developed in the investigation. 
This chapter begins with the procedure for developing or 
identifying the interfacing components for the microcomputer. Next, 
development of the regression model was presented, followed by the 
interpretation of the hypotheses tested. 
Procedure for Developing or Identifying the 
Interfacing Component for the Microcomputer 
In consultations with the panel of experts, it was generally agreed 
that the following procedures were feasible and workable approaches to 
answer the the questions. 
Question 1. Can an effective method be developed? Experts in the 
area of computer interfacing were used to develop or identify the 
correct transducers or sensing devices. These experts were from 
industry and university faculty. These consultants all agreed that an 
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inexpensive interfaced microcomputer was possible and workable. 
The Microtech data acquisition control system for the Commodore 64 
was recommended and the method for collecting data (see Appendix). This 
control system comes with the computer program to run the microcomputer. 
The New England instrument series P-200-G pressure sensor was 
recommended as an inexpensive pressure sensing gage (Appendix). The 
characteristics were: pressure range is 6000 psi; total resistance 10 
k-ohms; pressure port is 1/4 MPT (brass). 
Question 2. Can an effective computer program for storing and 
retrieving data concerning the specimen be developed? The above experts 
agreed that a basic or common computer program can be written to store 
and retrieve data from the computer's memory (Appendix). 
A computer program was written to calculate values generated by the 
load on the specimen. These values were stored in the computer's memory 
in files created for each student. These stored files can be retrieved 
for future use. 
Question 3. Can inexpensive interfacing components be developed or 
identified (i.e., the pressure transducer, data acquisition-control 
board, potentiometer)? The experts identified a specific pressure 
transducer for sensing the pressure change produced by the hydraulic 
jack on the universal testing machine. Also, a potentiometer to sense 
the elongation of the specimen when the hydraulic jack pressure was 
applied. 
The potentiometer used was 1/4 diameter shaft, with 10 k-ohm, 
tapered output (linear). 
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Question 4. Can a statistical predictive equation be developed for 
predicting data about the test specimen? By taking a series of data 
points from zero pressure to the pressure where the specimen was broken, 
a best fit curve equation was developed that replicated the stress vs. 
strain diagram generated by breaking the specimen. The "best" fitting 
equation was a cubic equation (SAS, 1983). 
The equation generated for the stress-strain diagram was D = 
.0805828559 - .0000247354C followed by P = 81454D - 8105960^ + 22833000^ 
+ 234 (see the following section on developing the regression model). 
Developing the regression model 
Referring to the procedure for mounting the pressure transducer and 
interfacing the universal testing machine to the microcomputer in 
Chapter III, the raw data for developing the regression model were 
collected in two steps. 
Step 1 The raw data (see Table 1) were collected by the 
following procedure. A prepared test specimen was mounted on the 
universal testing machine and the load trailer hand was set to zero. 
The specimen was loaded gradually until yielding starts (necking-7200 
pounds) and "D" = .0285. Loading the specimen was stopped and the load 
value was noted in pounds. After yielding begins, the specimen will 
"heat up" in the area where "necking" occurs. (Feel the heat with your 
fingers and when the "necking" area has cooled to the approximate 
temperature of the adjacent area, "necking" is completed.) Note the 
load value (5000 pounds) and measure the amount of elongation by 
Table 1. Means of the raw data obtained in the pilot test and used for developing the regression 
model® 
Observations L P D V C 
1 400 250 .0010 .000001 .000000001 7 .75 3171 .30 10057143. ,69 31894220000 
2 800 325 .0030 .000009 .000000027 7 .55 3089 .46 9544763. ,09 29488166000 
3 1200 475 .0048 .000023 .000000111 7 .40 3028 .08 9169268. ,49 27765279000 
4 1600 525 .0068 .000046 .000000314 7 .18 2938 .06 8632196, ,56 25361911000 
5 2000 692 .0085 .000072 .000000614 7 .00 2864 .40 8204787. ,36 23501793000 
6 2400 800 .0101 .000102 .000001033 6 .83 2794 .84 7811130. ,63 21830860000 
7 2800 983 .0108 .000117 .000001260 6 .68 2733 .46 7473881. ,15 20432395000 
8 3200 1083 .0125 .000156 .000001953 6 .55 2680 .26 7183793. ,67 19254435000 
9 3600 1233 .0148 .000219 .000003242 6 .35 2598 .42 6751786. 50 17543577000 
10 4000 1367 .0160 .000256 .000004096 6 .18 2528 .86 6395132. ,90 16172396000 
11 4400 1483 .0178 .000317 .000005640 5 .95 2434 .74 5927958. ,87 14433034000 
12 4800 1600 .0190 .000361 .000006859 5 .80 2373 .36 5632837. 69 13368752000 
13 5200 1725 .0205 .000420 .000008615 5 .60 2291 .52 5251063. 91 12032918000 
14 5600 1867 .0220 .000484 .000010648 5 .50 2250 .60 5065200. 36 11399740000 
15 6000 2000 .0240 .000576 .000013824 5 .30 2168 .76 4703519. 94 10200806000 
16 6400 2087 .0253 .000640 .000016194 5 .18 2119 .66 4492958. 52 9523544447 
17 6800 2208 .0269 .000724 .000019465 5 .09 2082 .83 4338180. 81 9035693134 
18 7200 2329 .0285 .000812 .000023149 5 .01 2060 .00 4243600 8741416020 
19 6800 2208 .0642 .004122 ,000264609 5 .09 2050 .09 4202869. 01 8616259726 
20 6400 2087 .0998 .009960 .000994012 5, .18 2119 .66 4492958. 52 9523544447 
21 6000 2000 .1355 .018360 .002487814 5 .30 2168 .76 4703519. 94 10200806000 
22 6400 2087 .1543 .023809 .003673650 5, .18 2119, .66 4492956. 52 9523544447 
23 6800 2208 .1730 .029929 .005177717 5, .09 2082, .83 4338140. 41 9035693134 
24 7200 2329 .1918 .036787 .007055793 5, .01 2060, .00 42435600 8741816000 
25 7600 2450 .2105 .044310 .009327308 4, .92 2013, .26 4053231. 9 8160225936 
®L=load dial, P=pounds per square inch (psi), D=deformation (elongation), V=volts, C=computer 
2 3 
number, C =squared, C =cubic. 
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measuring the distance between the two tick marks (D = .1355 in.). 
Subtract two inches from that reading. The difference is the elongation 
at that load. Next, continue to load the specimen until failure (7600 
pounds). Note the maximum load value (7500 pounds) indicated by the red 
load trailer hand. Re-mate the two separate pieces and measure the 
distance between the two tick marks (D = .2105 in.). Subtract two 
inches from that reading. The difference was the elongation at that 
load. 
This procedure, using 25 observations, was repeated with new 
specimens five times to establish reliability. Table 1 reports the 
means of the observations. 
Step 2 Next, remount a new specimen that has the same SAE 
number (e.g., 1020, 1030, 1040, etc.) as the above specimen and set the 
red trailer hand on zero load. Electrically connect the pressure 
transducer to the A/D converter in series with a voltage meter that will 
be able to read 10 volts. Apply a 9-volt battery to the pressure 
transducer (see Appendix). Next, place a dial indicator parallel and 
near the mounted test specimen so as to detect the elongation of the 
specimen when the load is applied. Starting with a load of 400 pounds, 
the pressure is 250 psi, the deformation (elongation) is .0010 in., the 
voltage is 7.75 volts and the computer number is 3171.30 (see Table 1). 
Increase the load by 400 pound increments and read the pressure, 
deformation, the voltage, and the computer number for each step. 
Continue until the load is equal to and less than the load when the 
specimen starts necking in Step 1. Refer to the Step 1 above. Stop 
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loading the specimen and remove the dial indicator. This is done to 
avoid damaging the dial indicator when the specimen breaks and the 
system recoils. Continue to load the specimen until "necking" starts 
(feel for heat dissipation) and when the specimen has cooled, read the 
values. Note: Use the deformation value in Step 1. Continue loading 
the specimen until the specimen fails. At failure, read the values 
(i.e., read the load value at the trailer hand). Use the deformation in 
Step 1 at failure (see Figure 1). 
Plotting the pressure (P) versus deformation (D) will yield the 
graph located in the Appendix. This plot closely resembles the actual 
stress-strain plot in Figures 1 and 2. 
Using a statistical stepwise procedure by SAS or any statistical 
procedure that will develop a line fit for data up to a cubic equation, 
the results will yield the graph in Figure 5. The regression model is 
(1) P = 81454 D - 810596 + 2283300 + 234. 
The proportional part of the stress-strain diagram (Figure 3) can 
be predicted by the regression model, (2) P versus D; 2079 P = .0275 D; 
(3) solving for P; P = 75600.0756D and (4) P versus C, P = 6092.07 -
1,87C, Substituting 75600.0756D for P in equation (3) yields 
75600.0756D = 6092.07 - 1.87C which reduces to (5) D = .0805828559 -
.0000247354C. This equation determines D directly from C. 
The equation 5 is derived by the reduction of the voltage through 
the pressure transducer which generates the computer number (C). "D" in 
equation (5) determines the pressure (P) in equation (1). In the 
computer program, equation 5 is listed first, followed by equation 1. 
Ultimate Strength 
Proportional Limit 
— y ielcl Strength 
Yield Point 
Breaking 
Strength 
, 2% Elongation (to determine 
Yield Strength) 
0 (Materials Technology 
Laboratory Manual, 1966, p. 26) 
Strain increase 
Figure 1. Characteristic Stress-Strain Curve, Mild Steel (Not to Scale) 
"" "" Special, High Strength and Ductility 
High Strength, Low Ductility 
.Medium Strength & Ductility 
C/3 
Low Strength, High Ductil ity 
Strain - increase •*- (Materials Technology 0 
Laboratory Manual, 1966, p. 26) 
Figure 2 .  Stress-Strain Behavior for Several Steels (Not to Scale) 
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See Appendix. 
Question 5. What is the current cost for developing the 
interfacing components and purchasing the Commodore-64 system? Experts 
agree that the relative cost of the interfacing components used by the 
researcher was relatively inexpensive due mainly to the inexpensive 
interfacing components and the inexpensive Commodore-64 computer system. 
The interface equipment tested was estimated to be 30-33 percent cheaper 
than the nearest commercially prepared method and equipment. 
Estimated cost of systems 
The Commodore System: 
1 - Commodore-64 computer system $350.00 
1 - A/D converter 252.00 
1 - pressure transducer 67.15 
1 - 10-k potentiometer 3.50 
1 - 1/4" needle value 37.83 
Assortment of: 
High pressure hoses, values, nuts, bolts, 
wood, and fittings 89.14 
TOTAL $799.62 
The Commercial Systems: 
1 - Apple II-E microcomputer $1500.00 
1 - Data acquisition board 1000.00 
$2500.00 
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1 - IBM PC microcomputer $2000.00 
1 - Data acquisition board 1000.00 
$3000.00 
1 - Daytronics systems-10 with 
configuration to acquire data $8000.00 
$8000.00 
Note: The above prices are current estimations. 
Hypotheses Tested — Alpha = .05 
In the following paragraphs, results of each hypotheses are related 
to the T-test (see Table 2). 
Hypothesis One. There was no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #1, maximum load in pounds. 
The mean for Group 1 is 7823.2 pounds maximum load and for Group 2 
is 8376.5 pounds maximum load. The probability of "T" is .0268. There 
is a significant difference between the groups. Therefore, the 
hypothesis was rejected. 
Hypothesis Two. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #2, ultimate strength. 
H^: u^ (conventional) = Ug (computer) 
H^: u^ (conventional) / u^ (computer) 
Table 2. Summary table of means and standard deviations used in the "T"-tests 
between groups on selected variables 
Grp^ N Mean Std Dev Std Error Minimum Maximum T Prob > T 
Variable 1: MaÎo]^ 
1 30 7823.20 798.14 145.72 6625.00 10547.00 -2.2763 0.0268 
2 30 8376.50 1065.58 194.55 7427.00 10051.00 -2.2763 
For Ho: Variances are equal, F' = 1.78 with 29 and 29 DF Prob > F' = 0.1254 
Variable 2: ULTST 
1 30 101997.83 10406.79 1900.01 86376.00 137514.00 -2.3241 0.0239 
2 30 109331.90 13800.10 2519.54 96837.00 131046.00 -2.3241 
For Ho: Variances are equal, F' = 1.76 with 29 and 29 DF Prob > F' = 0.1344 
Variable 3: BHN 
1 30 192.17 32.17 5.87 150.00 275.00 -3.4295 0.0011 
2 30 218.67 27.51 5.02 194.00 262.00 -3.4295 
For Ho: Variances are equal, F' = 1.37 with 29 and 29 DF Prob > F' = 0.4047 
Variable 4: YPC 
1 30 78162.73 12486.00 2279.62 58569.00 115512.00 -2.4857 0.0160 
2 30 87210.80 15543.20 2837.79 67313.00 111389.00 -2.4857 
For Ho: Variances are equal, F' = 1.55 with 29 and 29 DF Prob > F' = 0.2441 
Variable 5: PCRA 
1 30 63.50 5.09 0.93 50.00 75.00 2.4198 0.0187 
2 30 60.27 5.26 0.96 50.00 65.00 2.4198 
For Ho: Variances are equal, F' = 1.07 with 29 and 29 DF Prob > F' = 0.8625 
^Legend: Grp 1 = conventional method; Grp 2 = computer method. 
^Legend: MAXL=maximum load (pounds), ULTST=ulfimate stress (psi), BHN=Brinell 
hardness number, YPC=yield percentage, PCRA=percent reduction of area, 
TTEMP= tempering temperature (F ), PCEL.=percent elongation, UDEF=unit deformation, 
YMOD=young's modulus (psi), TT=total time (minutes). 
Table 2 (continued) 
Grp N Mean Std Dev Std Error Minimum Maximum T Prob > T 
Variable 6: TTEMP 
1 30 1099.97 76.22 13.92 900.00 1300.00 2.4134 0.0190 
2 30 1048.97 87.11 15.90 897.00 1200.00 2.4134 
For Ho: Variances are equal, F' = 1.31 with 29 and 29 DF Prob > F' = 0.4762 
Variable 7: PCEL 
1 30 8.66 0.94 0.17 7.00 11.50 -0.4060 0.6865 
2 30 8.78 1.46 0.27 7.30 15.45 -0.4060 
For Ho: Variances are equal, F' = 2.38 with 29 and 29 DF Prob > F' = 0.0227 
Variable 8: UDEF 
1 30 0.087 0.01 0.00 0.07 0.12 -0.4060 0.6865 
2 30 0.090 0.02 0.00 0.07 0.16 -0.4060 
For Ho: Variances are equal, F' = 2.38 with 29 and 29 DF Prob > F' = 0.0227 
Variable 9: YMOD 
1 30 30694486.33 3396253.59 620068.23 23582814.00 41607927.00 -2.4319 0.0183 
2 30 33083263.90 4172576.29 761804.72 29300243.00 39650712.00 -2.4319 
For Ho: Variances are equal, F' = 1.51 with 29 and 29 DF Prob > F' = 0.2734 
Variable 10: TT 
1 30 24.60 7.59 1.39 12.00 48.00 3.7250 0.0005 
2 30 18.37 5.14 0.94 8.00 35.00 3.7250 
For Ho: Variances are equal, F' = 2.18 with 29 and 29 DF Prob > F' = 0.0393 
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(conventional) = Ug (computer) 
Ug (conventional) / Ug (computer) 
The mean for Group 1 is 101997.83 ultimate strength and the mean 
for Group 2 is 109331.9 ultimate strength. The probability of "T" is 
.0239. There is a significant difference between the two groups. 
Therefore, the hypothesis was rejected. 
Hypothesis Three. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #3, Brinell hardness number. 
Uj (conventional) = Ug (computer) 
u, (conventional) 4 u^ (computer) 
The probability of "T" is .0011 with a Group 1 mean of 192.17 
Brinell hardness number and a Group 2 mean of 218.57 Brinell hardness 
number. There is a highly significant difference between the means of 
the two groups. Therefore, the hypothesis was rejected. 
Hypothesis Four. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #4, yield percentage. 
H^: u- (conventional) = Ug (computer) 
H^; u^ (conventional) / Ug (computer) 
Group 1 has a mean of 78162.7 yield point percentage and Group 2 
has a mean of 87210.8 yield point percentage. The probability of "T" is 
.0160. There is a highly significant difference between the means of 
the groups. Therefore, the hypothesis was rejected. 
Hypothesis Five. There is no significant difference in the means 
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of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #5, percent reduction of area. 
Uj^ (conventional) = Ug (computer) 
(conventional) / Ug (computer) 
The probability of "T" is .0187. There is a highly significant 
difference between the means of the two groups. The mean of Group 1 is 
63.5 percent reduction of area and Group 2 is 60.27 percent reduction of 
area. Therefore, the hypothesis was rejected. 
Hypothesis Six. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #6, tempering temperature. 
u^ (conventional) = Ug (computer) 
(conventional) f  Ug (computer) 
Group 1 has a tempering temperature (TTemp) mean of 1099.97 and 
Group 2 has a mean of 1048.97. The probability of "T" is .0190. There 
is a highly significant difference between the means of the two groups. 
Therefore, the hypothesis was rejected. 
Hypothesis Seven. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #7, percentage elongation. 
H^: u^ (conventional) = Ug (computer) 
H^: (conventional) / Ug (computer) 
The mean for Group 1 is 8.66 percentage elongation and for Group 2 
is 8.78 percentage elongation. The probability of "T" is .6865. There 
is no significant difference between the two groups. The hypothesis 
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cannot be rejected. 
Hypothesis Eight. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #8, unit deformation. 
H^t u^ (conventional) = Ug (computer) 
u^ (conventional) f Ug (computer) 
The mean for Group 1 is .087 unit deformation and the mean for 
Group 2 is .088 unit deformation. The probability of "T" is .6865. 
There is no significant difference between the groups. The hypothesis 
cannot be rejected. 
Hypothesis Nine. There is no significant difference in the means 
of Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #9, modulus of elasticity. 
H^: u^ (conventional) = u^ (computer) 
H^: u^ (conventional) f u^ (computer) 
The mean of the control Group 1 is 30694486.33 young's modulus and 
the mean of the treatment Group 2 is 33083263.9 young's modulus. The 
probability of "T" is .0183. Therefore, there is a highly significant 
difference between the means of the two groups. Therefore, the 
hypothesis was rejected. 
Hypothesis Ten. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of the variable #10, total time. 
H^; Uj^ (conventional) = Ug (computer) 
Hg: u^ (conventional) f u^ (computer) 
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Table 2 reports that TT (total time) has a probability T < .0005. 
The control Group 1 has a mean of 24.6 and the treatment Group 2 has a 
mean of 18.4. There is a highly significant difference between the 
means of the groups. Therefore, the hypothesis must be rejected. 
Hypothesis Eleven. There is no significant difference in the 
overall summary of the variables in the Specimen Data Sheet scores of 
Group 1 (conventional) and Group 2 (computer) on the measurement of the 
sum of all variables. 
u^ (conventional) = Ug (computer) 
u^ (conventional) / Ug (computer) 
In summary, of the first ten hypotheses tested, there were eight 
variables with significant differences. They were: variable 1, maximum 
load; variable 2, ultimate strength; variable 3, the Brinell hardness 
number; variable 4, yield percentage; variable 5, percent reduction of 
area; variable 6, tempering temperature; variable 9, modulus of 
elasticity; and variable 10, total time. Therefore, the hypotheses were 
rejected. Two of the variables were not rejected. They were variable 
7, percentage elongation, and variable 8, unit deformation. The 
eleventh hypothesis was introduced as an overall hypothesis and tested 
using the data sheet scores. 
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CHAPTER V. SUMMARY, DISCUSSION, AND RECOMMENDATIONS 
Summary 
The purpose of this study was to compare the metallurgical data 
about test specimens using the conventional testing procedure and a 
micro-computer testing procedure. These testing procedures relate 
directly to determining the historical metallurgical data about strength 
of materials. The historical data are the maximum load applied on the 
cross-sectional area, the ultimate strength of the material, the Brinell 
Hardness number of the material, the yielding percent of the material, 
percent of the reduction of the cross-sectional area, the tempering 
temperature of the material, the percentage of elongation of the 
material, the unit deformation of the material, and the young's modulus 
of elasticity for the material. 
The numerical values for each of the above items were collected and 
compared for each group (conventional=l and computer=2) (see TTest, 
Table 2). The total time taken for each group to finish the specimen 
data sheet was compared (see TTest, Table 2). 
Eleven hypotheses were developed and tested. Each group had ten 
numerical scores to be compared and one total time taken score to be 
compared. 
Hypothesis i. There is significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #1, maximum load (pounds). 
The mean for Group 1, conventional, was 7823.2 maximum load and for 
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Group 2, computer, was 8376.5 maximum load (pounds). The probability of 
"T" is .0268. There is a significant difference between the groups. 
Therefore, the hypothesis was rejected. 
The maximum load is a metallurgically property. The variability is 
affected by those properties. Also, the variability is affected by the 
regression predictive equation used to curve fit the raw data. 
Hypothesis 2. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #2, ultimate strength. 
The mean for Group 1 is 101997.83 psi ultimate strength and the 
mean for Group 2 is 109331.9 psi ultimate strength. The probability of 
"T" is .0239. There is a significant difference between the two groups. 
Therefore, the hypothesis was rejected. 
The ultimate strength is a metal!urgicall y property which will 
directly effect the test specimen. The regression predictive equation 
used to curve fit the raw data contribute to the variability between the 
two groups. 
Hypothesis 3. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #2, Brinell hardness number. 
The probability of "T" is .0011 with a Group 1 mean of 192.17 
Brinell hardness number and a Group 2 mean of 218.67 Brinell hardness 
number. There is a highly significant difference between the means of 
the two groups. Therefore, the hypothesis was rejected. 
The Brinell Hardness number for group 1 mean is lower than the 
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group 2 mean. This difference could be due to the regression predictive 
equation used as the raw data line fit. Another reason could be how 
accurate group 1 participants read the load dial gage. Also, the 
variability due to the manufacturing process can affect the strength of 
the specimen. 
Hypothesis 4. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #4, yield percentage. 
Group 1 has a mean of 78162.7 yield point percentage and Group 2 
has a mean of 87210.8 yield point percentage. The probability of "T" is 
.0150. There is a highly significant difference between the means of 
the groups. Therefore, the hypothesis was rejected. 
The variability due to the manufacturing processes affects the 
strength of the specimen which directly influences the yield percentage 
- the higher the strength, the higher the yield percentage. 
Hypothesis 5. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #5, percent reduction of area. 
The probability of "T" is .0187. The mean of Group 1 is 63=5 
percent reduction of area and Group 2 is 60.26 percent reduction of 
area. There is a highly significant difference between the means of the 
groups. Therefore, the hypothesis was rejected. 
The percent reduction of area is directly related to the 
metallurgical!y properties. The higher the strength, the lower the 
percent reduction. 
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Hypothesis 6. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #6, tempering temperature (F°). 
Group 1 has a tempering temperature (TTemp) mean of 1099.97 F° and 
Group 2 has a mean of 1048.97 F°. The probability of "T" is .0190. 
There is a highly significant difference between the means. Therefore, 
the hypothesis was rejected. 
The tempering temperature is directly related to the 
metallurgically properties. The higher the strength, the lower the 
tempering temperature. 
Hypothesis 7. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #7, percentage elongation. 
The mean for Group 1 is 8.66 percentage elongation and for Group 2 
is 8.78 percentage elongation. The probability of "T" is .6865. There 
is no difference between the two groups. The hypothesis cannot be 
rejected. 
Hypothesis 7 is 100 times hypothesis 8. This relationship suggests 
that there is only one numerical value, one numerical value is a 
multiple of the other. 
Hypothesis 8. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #8, unit deformation. 
The mean for Group lis .087 unit deformation and the mean for 
Group 2 is .088 unit deformation. The probability of "T" is .6865. 
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There is no significant difference between the groups. Therefore, the 
hypothesis cannot be rejected. 
The unit deformation is directly related to the ultimate strength. 
Hypothesis 9. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of variable #9, modulus of elasticity (psi). 
The mean of the control Group 1 is 30694486.333 psi young's modulus 
and the mean of the treatment Group 2 is 33083263.9 psi young's modulus. 
The probability of "T" is .0183. There is a highly significant 
difference between the means of the two groups. Therefore, the 
hypothesis was rejected. 
The results report the mean of the computer Group 2 was higher than 
the mean of the conventional Group 1. This could be due to the 
regression predictive equation and the variability among the test 
specimen in terms of how they were manufactured metallurgically. This 
variability will directly affect the modulus of elasticity. 
Hypothesis 10. There is no significant difference in the means of 
Group 1 (conventional method) and Group 2 (computer method) on the 
measurement of the variable #10, total time. 
Table 2 reports that TT (total time) has a probability T < .0005. 
The control Group 1 has a mean of 24.6 and the treatment Group 2 has a 
mean of 18.4. There is a highly significant difference between the 
groups. Therefore, the hypothesis was rejected. 
There were total time difference between the groups. The mean of 
Group 2 (computer) was less than the mean of Group 1 (conventional). 
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This indicates that the computer method is overall faster. But, the 
other variables were affected by the predictive equation which produced 
values that are higher than expected. 
Hypothesis 11. There is no significant difference in the overall 
summary of the variables in the Specimen Data Sheet scores of Group 1 
(conventional method) and Group 2 (computer method) on the measurement 
of the sum of all variables. 
In summary, of the ten hypotheses tested, there were eight 
variables with significant differences. They were: variable 1, maximum 
load; variable 2, ultimate strength; variable 3, the Brinell hardness 
number; variable 4, yield percentage; variable 5, percent reduction of 
area; variable 6, tempering temperature; variable 9, modulus of 
elasticity; and variable 10, total time. Therefore, the hypotheses were 
rejected. Two of the variables were not rejected. They were variable 
7, percentage elongation, and variable 8, unit deformation. 
There were nine numerical scores that had a difference between the 
groups. The differences between the groups could be due to the 
variability among the materials samples in terms of how the 
manufacturing process were held in tolerances. Another reason could be 
due to the regression predictive equation used to replicate the raw data 
(see Table 1). The computer method had higher means for each of the 
nine numerical scores. The two numerical scores that influenced 
ultimate strength, percentage elongation, and the unit deformation 
measurements were both read by the researcher. Therefore, no 
variability occurred and no differences were found between the groups. 
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The percent elongation is 100 times the unit deformation. 
Discussion 
The subject, strength of materials, has its roots imbedded in the 
ancient histories of early civilizations. Modern science that developed 
strength of materials began after the Middle Ages and has continued to 
grow by leaps and bounds until the present time with a very bright 
future. New plastics are beginning to replace steel in many 
applications. Example, today there are handguns that only use steel in 
constructing the barrel and firing pin of the gun with the frame 
constructed of plastic. 
As plastics and other types of new alloys of materials are 
developed, there must be some method of testing these new combinations 
of alloys. This suggests that the methods for testing these specimens 
are "on going" and continuous. This suggests that the testing 
procedures should be precise and fast. There are large commercial 
material testing configurations that can perform fast and accurate data 
acquisition about the test specimen. However, the cost of obtaining 
these commercial machines are out of the reach of many material testing 
laboratories found in universities, colleges, high schools, and small 
industries. They must rely on the hand-operated universal testing 
machines. 
This study developed and identified inexpensive microcomputer 
configurations. The configuration identified the sensing devices, the 
data acquisition board for the Commodore 64 microcomputer. In the world 
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of academia and industry, there are many applications using the 
microcomputers and microprocessor along with a variety of sensing 
devices. These configurations were from controlling industrial 
manufacturing processes to class-laboratory assignments. The costs 
ranged from the very expensive to the inexpensive. However, the 
literature review did not reveal an inexpensive microcomputer 
configuration that was used in conjunction with the Vega universal 
testing machine for testing specimens. Thus, the study was to identify 
the component parts and develop the configuration along with the 
computer program to affect a system for testing specimens. 
The computer regression predictive program used to calculate the 
data about the specimen was P = 80919D - 7650090^ + 21043640^ - 74. 
However, P = 81453D - 8105950^ + 22833000^ was found to similate more 
closely the true metallurgical values of the test specimen (1020 cold 
rolled steel) chosen than the former. But, if the coefficients of each 
term in the latter equation is modified randomly, an equation can be 
developed that will simulate even closer the true metallurgical values 
of the test specimen. 
Nine out of eleven hypotheses were rejected because the means 
between the groups were statistically different. These hypotheses were 
1, 2, 3, 4, 5, 6, 9, 10, and 11. The eleventh hypothesis was introduced 
as an overall hypothesis and tested using the data sheet scores. Two 
hypotheses could not be rejected, because there were no statistical 
differences. These hypotheses were 7 and 8. The hypotheses that were 
rejected suggests that improving the regression predictive equation to 
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more closely predict the actual metallurgical values would be most 
advantageous. The predictive equation could be improved by taking more 
data points when collecting the raw data. Another step would be to 
modify the coefficients of each term in the predictive equation. 
Another improvement would be to have the control group read the load 
dial more precisely by interpolating the load dial values more closely. 
In analyzing the experimental data for Group 1 and Group 2 (see 
Appendix), the maximum ultimate strength was 103,651 psi. Multiplying 
this value by the cross-sectional area of the specimen (.076699 in. ) 
yields 7950 loads in pounds (variable #1). The 103,651 psi represents 
the highest value for 1020 C.R.S. Any values that were above 7950 
pounds were "outliers." The question is, are these "outliers" random or 
caused by other influences of human error? To answer this question, the 
chi-square procedure was used. Using 7950 pounds (103,651 psi) as the 
maximum load that should be considered, there were 8 "outliers" in Group 
1 and 11 "outliers" in Group 2 observed. 
Observed Observed 
(within) (outliers) 
Group 1 22 8 30 
Group 2 19 11 30 
Total 41 19 60 
Calculating the expected values, expected value = (row total) (column 
total)/total; example: (41 x 30)/60 = 20.5. 
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Expected 
20.5 9.5 
20.5 9.5 
2 2 
rk; v2 _ (observed - expected) ^ (observed - expected) 
urn square, x expected expected 
2 2 
^ (observed - expected) ^ (observed - expected) 
expected expected 
Calculating the 
, (11.9.5)2 _ 2.25 ^ 2.25 , 2.25 , 2.25 
—93— - lO" "O" 93" 
= .109 + .109 + .237 + .237 = .593 
Degrees of freedom = (Row - 1) (Column - 1) = (2 - 1) (2 - 1) = 1 for 
x2(l)( = 3.84 (Hinkle, 1979, pp. 333 and 467). 
The calculated Qgj = .693. Therefore, the "outliers" were 
randomly dispersed. 
Recommendations for Further Study 
The study should be replicated using the following approaches: 
(1) To obtain a better line fit equation, more data points should 
be taken in the area of the proportional limit (about 36 points, this 
will correspond to taking a reading every 200 pounds on the load dial). 
In the area of the plastic range up to failure, more data points should 
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be extrapolated (about 14 points, this will tend to give a smoother 
curve fit throughout the plastic range). After a statistical regression 
equation has been determined for the data, this equation can be tested 
for the resulting end points, i.e., at what maximum load is calculated 
in comparison to the known ranges of the maximum-minimum loads for the 
given specimens. Should the calculated regression equation values fall 
outside of the known maximum-minimum range, the regression equation can 
be modified by changing the numerical coefficients of terms in the 
equation. This modification is done randomly until the calculated 
maximum-minimum loads fall within the known range for the given 
specimen. The corrected maximum-minimum loads values will affect all 
subsequent calculations that uses the maximum load which is part of that 
calculation. 
(2) A more sensitive potentiometer, such as a 10 step 
potentiometer, should be used. This would enhance the precision of 
sensing the elongation at the point where yielding starts. This would 
allow for more sensitivity and precision in the voltage change through 
the potentiometer. This in turn will affect the computer numbers that 
are used to calculate the values that determine the metallurgical 
properties for the specimen. 
(3) Enlarge the members of the two groups to 60 members each and 
compare the experimental results with the 30 member groups. 
(4) Use a light densitiometer instead of the potentiometer to 
detect the elongation of the specimen. Compare the sensitivity with the 
potentiometer. 
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(5) Use pressure sensitive plastics instead of the hydraulic 
pressure transducer and compare the reliabilities. 
(5) Use several different cold rolled steel (i.e., 1030, 1040, 
etc.) and compare the reliabilities among them. 
(7) Replicate the experiment in six months and test the members of 
each group for information retention among the groups. 
In summary, the original concept was that there would not be a 
significant difference between the conventional method and the computer 
method. If these assumptions were true, the computer could be used to 
complete a specimen test faster and with equivalent results. Also, the 
computer would accommodate, more readily, the creation of individual 
student files for information storage and retrieval. However, the 
findings did not support the original concept (9 hypotheses were 
significantly different and 2 hypotheses were not significantly 
different). 
Improving the predictive equation could conceivably influence the 
specimen test results to more closely compare with the specimen test 
result using the conventional method. 
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© '•.J ATTACH an additional page(s) (A) describing your proposed research and (B) the subjects to be used, (C) Indicating any risks or dlsconForts to the subjects, and 
(D) covering any topics checked below. CHECK all boxes applicable. 
I I Medical clearance necessary before subjects can participate 
I 1 Samples (blood, tissue, etc.) from subjects 
I I Administration of substances (foods, drugs, etc.) to subjects 
I I Physical exercise or conditioning for subjects 
I i Deception of subjects 
I I Subjects under 14 years of age and(or) Q Subjects 14-17 years of age 
i ! Subjects in ir.st i tut io.-.s 
[X| Research must be-approved by another Institution or agency 
ATTACH an example of the material to be used to obtain Informed consent and CHECK 
which type will be used. 
I I Signed Informed consent wll! be obtained. 
fZl Modified Informed consent will be obtained. 
©Month Day Year Anticipated data on which subjects will be first contacted: 2 3 86 
Anticipated date for last contact with subjects: 3 14 
(l-J if Applicable: Anticipated date on which audio or visual tapes will be erased and(or) 
identifiers will be removed from completed survey Instruments: 
Month Day Year 
Signature of Head or Cha 1^person Date Department or Administrative Unit 
I.  ED. T. Department 
^^8^  ir
9.j Decision of the Unfversity Conmïltïï^n tiie Use of Human Subjects In Research: 
3 Project Approved Q Project not app^ved Qj No action ^ (|ul red^^x^ -v ^ 
Name of Committee Chalrperion Date Slgna*Ora of Comml t rperson // 
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CON.SKN'r I-OIIM 
The purpotie oC Uh Lu ruuunrch Lis Co duvciop (t) a iicocethtre Cor iulurracluK 
inicrHctimpiiCurs (puryoïifi 1 home cunipuLur.s) Co n vc^a Un I ver sa I TcfMClaK 
Much lue. (2) Develop n compuCcr program choC will sCuru anil reCrluvo 
pertinent Information about the mcta11 urj;leal propcrtlesi of curtain Hpuclmeny 
(i.e. modulus of Elasticity, Brlnell Hardness Number, Yield Point, etc.). 
3)I)evelop a computer that when used with the Ve^a will compute the pressure 
pec square inch on the cross-sectional area. (4) Demonstrate that this method 
of interfacing is less expensive and yields equivalent results, within the 
limits of the equipment than purchasing a commercially built computer-
controlled universal testing machine by comparing performance and hardward 
costs. 
I am presently enrolled in the doctoral program in Industrial Education 
and Technology at Iowa State University. The above activities and data will 
be used by me in writing my dissertation as a requirement for the doctoral 
degree. 
Since, Che universal cestlng machine is used in che maCerial testing labucaCorics, 
this experiment will be a part of a class project already required of the 
students enrolled In the material testing lab. Whether tlie student chooses 
to participate in the research is voluntary and it will not affect his/her 
grade in the class. 
The sCiidenCs in Che concroi and expur lincntnl groups will be required Co ccst 
Che specimen on che universal CesCing machine, read die loud dial and complete 
the specimen data sheet. 
There are no known physical or mental risks or hazards to your health associated 
with your particiaption in che research project. You may vich.dr-nw your 
participation at any point in 'the study. At all times (before, during, and 
after the study) all information you provide in your specimen data sheet will 
remain confidential. In the event that Che investigator whould report che results 
of this research in an article or in a paper, your identity will not be revealed. 
If you agree to participate in this study under the above conditions, please 
sign below. 
The responses will be processed in statistical form so that individuals and/or 
institutions will not be identified. Complete confidentiality will be maintained 
on all responses for this study. We will send you a summary of the specimen 
data sheet if you so desire. 
I hereby certify that I am over seventeen years of age (17) and agree to 
participate in the research project "An Experimental Interface of a Microcomputer 
with a Vega Universal Testing Machine to Retrieve Data on Test Specimens." 
YOur consent is needed to verify that you fully understand the scope and 
nature of the research project and you are participating knowing this 
information. 
Print Name 
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n© Series P-200-G Pressure Sensors 
Low-Cost Precision RATIO/METRIC TM 
CHARACTERISTICS 
PRESSURE RANGES (PSlGl: 0-30®(S> Hg 
vacuum. 3-15. 0-15. 30, 60. 100. 160. 200. 300, 
400. 600. 1000. 2000. 3000. 4000. 6000 . 
ACCURACY (% Full Scale); 14^ for vacuum. 
0-15. & 3-15 PSIG—± ^ (or other ranges 
• Rcpcatibilliy: T. ±0.5% 
• Hustcresis Conformitv: ± 2.5% 
MAXIMUM POWER RATING: 0.2 wans 
RESPONSE TIME: 50 milliseconds 
TEMPERATURE SENSITIVITY: .... ±0.04%/°C 
TOTAL RESISTANCE: 1. 5. or 10 K-ohms 
OUTPUT SIGNAL AMPUTUDE: spans available 
to 80% of supply voltage 
WEIGHT: 6 ounces fl70 crams) maximum 
OVER-PRESSURE: not to exceed 1.2 x F.S. 
OPERATING TEMPERATURE RANGE:.. -40 to 
»80*C 
FEATURES 
• low cost 
• ratiometric operation 
• no ancillary electronics required 
• DC or AC operation 
• use available system supplies with minimal 
current drain 
• high amplitude output signal 
• local pressure indication 
TYPICAL APPLICATIONS 
• process control sites where remote as well as 
local read'Outs ate required 
• medical & industrial pressure monitors & controls 
• motor speed controllers 
• eiectrohydrauUc contiot systems 
• HVAC 
OPTIONS 
• custom dial face 
• stainless steel wetted parts 
• environmental protectors 
• panel mount hardware 
• bulkhead mount hardware 
• 2'Wire transmitter 
• custom electrical characteristics 
(3.4 cm) 
0.560' n.4 cm) 
0.557". (1.44 cm) 
Terminals accent 
stfiooed wife lo #i8AWGof lugs 
lor #3 screws. 
2.18~ (5.5 cm% 
3.08" (7.8 cm) 
P'«ssure Port 
J/4 Of W8 NPT 
(Orass) 
-1.08--J 2.7 cm| 1 
L—^ 
Bourdon tuo«s ar# onosorior o*omz# tnrougn lOOO PSI. btryUivm eoppe* at>ov« 1000 PSI. 
WIRING DIAGRAM 
V(juoo'y) 
I OUTPUT 
GROUND 
y 
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IMPORTANT IMFORMATIOM 
TEST METHODS FOR P-lOO-B AMD P-200-G 
RATIO/METRIC PRESSURE SEMSORS 
!DEMT!F!CAT!OM OF LEADS & TERMINALS 
A. P-IOO-B OUTPUT (green) 
'+V supply 
GROUMD (black) 
o p 
a P-200G 
R 
p 
+V (supply) 
OUTPUT 
•GROUND 
II. CALIBRATIOli POINT TEST (®25"C) - See overieaf tor spccinc value. 
A. Attach sensor port lo a variable, regulated pressure source. 
B. Apply a convenient voltage, say in llic rouge of I—10 VDC. to the +V supply ground connections. 
CAUTION; Do not cxceed the power rating (see overleaQ. which is defined as follows. 
C. Using a high impedance digital voltmeter, monitor the voltage between the OUTPUT and GROUND 
connections, while applying the calibration pressure to the sensor port. (NOTE; Unless otherwise 
specified, the calibration pressure is 50% of full scale pressure.) Your voltage reading should be within 
±1% FSof the calibration voltage shown overleaf. (Example; If your supply is 10 VDC and your 
calibration pressure is 50% of full scale, your calibration voltage should be 5 xO. i VDC.) 
III. SPAM TEST (025 C) • See overleaf for specific value. 
A. Follow steps IIA and IIB. 
B. Using a high impédance digital voltmeter, monitor the voltage between the OUTPUT and GROUND 
connections. Record ihe voilage (V^! wiili minimum pressure (usually 0 PS)G) applied .Record the 
voltage (Vy) with full scale pressure applied. 
Power = 
(Vsupply)^ _ Volts^ 
Resistance Ohms 
C. Perform the following calculation; 
(span = your readings) 
(SPAN = test data overleaf) 
Vw-V, 
% span X 1 (X) 
^ supply 
Your results should be within the following tolerances; 
For P- lOO-B; % span = % SPAN ±0.036 x SPAN 
For P 200 G; % span = % SPAN ±0.05 x SPAN 
new enqland instrument company 
KENDALL LANE U NATICK. MASS 0)750 • TEL.; 617-875-9711 • TWX: 710 1 346-0398 I 
THE SENSOR SUPPLIER 
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flV28dP50"ll I C zCH] P.O. Box 102 • LANGHORNE, PA 19047 • (215) 757-0284 
PdlDISK 
I SSOgPDS 
TAKE CONTROL WITH YOUR C66 
OR VIC 20 
DATA ACQUISITION R CONTROL BOARD 
FOR COMMUDOKE 64 
BY CUKS MICROTECH, INC. 
16 Channel - 12 Bit resolution - A/D Converter- 0 to 10 volt inputs 
Memory mapped- Controlled from Basic or Machine LanguaRe with internal 
reference- 16 Channel analog multiplexer with channel register. 
" 12 Wit Digital to Ana 1oR converter- 0 to 10 volt ouput 
External variable precision reference- Memory mapped- Controlled from 
Basic or Machine Language- Double Buffered for smooth transitions 
* C-mos Real Time Clock Calendar 
Year, day, month, day of month, day of week, hour, minute, second 
Basic and Machine language programs provided for operation entry and 
screen ouput. 
Battery Backup - Set it once and forget it (Battery charging circuit) 
Crystal controlled 
« DIGITAL INPUTS 
12 TTL compatible digital inputs for monitoring switches, relay closures, 
other TTL logic, etc. 
« DIGITAL OUTPUTS 
12 TTL compatible digital outputs provide for controlling relays, digital 
displays, etc. 
« OTHER FEATURES 
On board +/-15 volts DC at 20mA generated 
Small size: 5 and 1/2 inch by 4 inch printed circuit board with connectors 
for connection to external equipment. 
The DIADAC 1 comes complete with user's manual and software driver. 
Assembled and tested ..2^9.00 
Add 53.00 for shipping USA. Send check, moneyorder, MC/VISA or r.nLL 
ror COD shipment via UPS. 
prices subject to change wit !i out notice price sheet MAY 1984 
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P.O. Box 102 • LANGHOTNE, PA 19047 • Tm i c p o t s c h i  
j I21SI 757-0234 
I SSQgPOS I 
CGRS Microtech Inc. 
DATA 1 
Data Acquisicion And Control System 
TABLE OF CONTENTS 
1) Introduction 
2) General Description 
3) Analog to Digital Converter 
à) Digital to Analog Converter 
5) Digital Outputs 
6) Digital Inputs 
7) Real Time Clock 
8) Listings 
9) Port Pinouts 
10) Component Layout 
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1) INTRODUCTION 
The CGRS Microtech DATA 1 is a printed circuit board which 
adds data acquisition and control capability to Che Commodore 
64. 
It contains five sections: 
1) Analog to Digital Converter 
2) Digital to Analog Converter 
3) Digital Inputs 
&) Digital Outputs 
5) Real Time Clock 
2) General Description 
The DATA 1 is supplied with a 5.25 inch diskette which 
contains software that controls all on-board devices, and 
allows easy data transfer between all devices. To load all 
the software, perform the following two loads: 
LOAD "MAC0DE",8.1 
LOAD "3RTC*\8 
The Data 1 board plugs into the expansion connector of the 
commodore 6^. The +5V DC supply voltage is provided from the 
The on board +12V DC, -12V DC are generated using DC-DC 
converters. These voltages provide power for the A/D 
converter and the D/A converter. The ribbon cable headers are 
provided for connection to external devices. 
All devices on board are memory mapped into the area from 
SDFrC to SDFrr. They may be accessed from basic, forth, 
machine code etc. Drivers are provided on diskette which 
allow Che user to communicate with each device easily. See 
each section for detailed operating instructions. 
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3) Analog co Digital Converter 
The DATA 1 board uses an Intersil ICL7109 12 bit A/D converter 
chip. This chip allows analog voltages to^be converted into 
digital form and placed into the Commodore's memory. 
A 16 channel analog multiplexer ( IHôIlô ) steered by the 
channel register together with the ICL7109 provides 16 
seperate analog inputs. The input voltage range is from 0 to 
10 volts. (This is adjustable by changing the precision 
resistors between the mux and the A/D.) The internal refernce 
of the 7109 provides the precision refernce voltage required 
by the A/D converter. A voltage divider R7 and R8 divide the 
0-10 volt signal down to a 4.096 full scale voltage which the 
ICL7109 accepts as its input range. The range can be modified 
by changing the precision resistors R7 and R8. The conversion 
value may be scaled by adjusting potentiometer RIO which 
changes the reference voltage. The Reference voltage is 
factory set at 2.096 VDC. In order to obtain a channel 
measurement, the following procedure should be followed: 
1) Load the Basic file ' " BRTC 
2) Place the desired A/D channel into the variable CHAN in 
line 1010. 
3) Run Che program starting at line 1000 and the 12 bit 
decimal value will be printed on the screen. 
4-) DIGITAL TO ANALOG CONVERTER 
The DAATA 1 b.oard uses an Analog Devices 7562N 12 bit D/A 
converter. The D/A provides an analog voltage directly 
proportional co the concents of its 12 bic register. An on 
board pin programmable precision voltage reference AD584 
provides precision output voltages of 10.OOOV,7.500 , 5.000V 
and 2.500V. This voltage is fad to the DAC to form the full 
scale volcage oucpuc. The output volcage is programmable from 
on board jumpers. The 12 bit value to be written to the DAC 
is first placed in two bytes of Ram. A machine language 
routine is Chen called to transfer the two bytes of 
information from Ram co che DAC 12 bit output register. 
An AD542 precision 3i?et op amp is used as the Dac output 
amplifier. 
To place a 12 bit value into che DAC registers: 
1) Load che file "3RTC" from che supplied diskette. Load 
file "MAC-CODE", 8,1 from the diskette. 
2) Set che variable LOBYT in line 2040 co che desired Sbit 
lo byte value and che variable HI3YT in line 2050 to the 
desired high 4 bit nibble. Always set the 4 cost siginificant 
bits of HIBYT to zeroes. 
3) Type RUN 2030 and the DAC output will reflect the value 
placed in it's registers. 
To clear the DAC registers type run2020. 
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5) DIGITAL OUTPUTS 
The DATA 1 uses a 76LS376 octal latch and a 74LS174 hex lacch 
to provide 10 TTL compatible digital outputs. The outputs may 
be used to drive digital displays, control multiplexers, solid 
state relays etc... The value to be vricceti to the outputs is 
poked from BASIC to transfer data to the output registers. 
To place bits 0-7 on the first port: 
POKE 57343,VALUEI 
Each bit of VALUEI represents a power of 2 from 2 * * 0  to 
1**1. 
bicl=2**0=l 
bit2=2**l=2 etc. 
All bits are summed together to fora the decimal value to be 
poked to location 57363. 
To place bits 8,9 on the second port: 
POKE 57342,VALUE2 
The first four bits of VALUE2 are the A/D Converter channel 
address bits. The fifth and sixth bits of VALUE2 are the 
ninth and tenth digital outputs. 
The outputs must be buffered to drive conventional type relays 
or devices requireing more current than 2.5mA at +5VDC. and 
24mA at ground. 
OJ UiUliAL i.^rui.3 
The DATA 1 uses a 74L3244 Octal buffer and a 74LS367 hex 
buffer CO provide 12 TTL conpatible (0-5V) digital inputs. 
The inputs allow monitoring of switches, contact closures an 
other TTL logic etc...They are read in the following manner. 
To read Inouts 0-7 
PRINT PEEK'( 57343 ) 
Once again each bit represents a power of 2 from 2**0 to 2**7. 
To read inouts 8-11 
PRINT PEEK" (. 57342 ) 
The first two inputs of this latch are for monitoring the run 
suacus^of the real time clock and the A/D Converter. Mask 
them 0fz and look at the 4 oost significant bits. 
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7) REAL TIME CLOCK 
The DATA 1 board uses an OKI MSM53321RS Cmos real Ctm« clock calender 
chip. This cryscal concrolled chip allows che Commodore 66 compucer to 
keep crack of che year, month, day o£ conch, day o£ week, hours, minutes 
and seconds. 
A basic program (  BRTC )prompc3 che user to enter the time and date and 
places this into Ram. They are later transferred into the 58321 
registers using a machine language program (  MC ). When you wish to 
print che time and dace on Che screen. Just call Che 'Basic' subroutine 
and che informacion will appear on che screen. An on board baccery 
keeps che Real Time Clock running when che power is no C available. See 
Che clock once and Eorgec ic. The baccery should be replaced once a 
year . 
To load che real Cime clock sofcwarecype Load "brcc",a with che supplied 
diskette in che disc drive. When READY appears, cype Load "MC",8,1 to 
load che machine code program. 
To encer che Cime and dace cype RUN 500. once Che DATA I sofcware has 
been loaded. The program will prompc you for che year, monch, day of 
monch, day of week, hours, minuces and seconds. Encer all paraoecers 
and che program will load chera inco che RTC chip and perform a read 
afterwards. 
To read che cime and dace just cype RUN. The Cime and dace as well as a 
header will appear on che screen. Mo.dif icacions may be made Co Che 
formac of the print scacemencs as necessary, or eliminated complecely if-
evencs based on cimes are required to be iniciated. 
I UNNinoU .11 
?&f, m Ml 12 I* 16 IH M i2 24 7h 2A )2 
1 1 
,  T  I *  i s ;  v u  1 4  2 1  7 ) 2 }  2 /  2 9  J l  ) )  
11=3 
MICflOFECII QJ I90] 
II 
C30 R5 
J 9 
1 
P I 12 
j" 
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DATAOHE COÎCIECTOR FIX OUT 
Conneccor J3 has all even number pins connecrsd Co ground. All odd number pins 
are signal level. 
J3 Is all analog inpuc signals. 
F I X  N U H B E S  D E S C R I P T I O N  
A N A L O G  r : i P U T  
7  A I  0  
1 1  A I  1  
1 5  A I  2  
1 9  A I  3  
2 3  A I  4  
2 7  A I  S  
3 1  A I  6  
3 3  A I  7  
3  A I  S  
3  A I  9  
9  A l i o  
1 3  A i n  
1  7  A t l 2  
2 1  A I 1 3  
2 5  A l l i  
2 9  A I 1 5  
A N A L O G  O U T P U T  
The analog oucpuc signal is co che lefc o£ J3 and It is labled A and GîtD. 
Conneccor J2 is used for all che digical inpuc and digical oucpuc signals. 
F I X  f l U M B E R  D I S C R I F T I O t C  
D I G I T A L  I N P U T  
1 5  D I  0  
7  0 1  l  
1 3  0 1  2  
5  0 1  3  
1  1  0 1  U 
3  0 1  5  
9  0 1  6  
1  0 1  7  
2 3  0 1  8  
1 7  D I  9  
1 9  O I I O  
2 1  O U I  
D I G I T A L  O U T P U T  
3 9  D O  0  
3 7  D O  l  
3 5  D O  2  
3 3  0 0  3  
3 1  D O  4  
2 9  0 0  5  
2 7  D O  6  
2 5  D O  7  
4 1  D O  3  
4 3  0 0  9  
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Program for Microcpmputer< 
900 GOTO 950 
910 PR I NT "3" : PR I NT = PR I NT " 
911 FRIHT"a«?»»C'0-YOU MISH TO E^IT-I-ÏT-TESTH = IHPi.lTWS* 
912 IF LEFTS<WS$.. 1 )"V"THEH9S2 
915 PRINT"LOAD" +CHR$(34) + "REG*" +CHR$(34) + " ,8,1 rm" 
920 POKE £.31,13 = POKE 632,32= POKE 633,85= POKE 634,78= POKE 635,13= POKE 193,5 
925 GOTO12000 
•^=iO REM *#***$****$*&*##***#$**# 
951 REM *** PROGRAM TTEST • 
953 REM SPRING 1986 
956 REM •*** JOHN MORRIS *** 
959 REM .*:•+=* TECH AST W NEGUS 
9i^0 REM ************************ 
5 61 POKE 53230, 0 = POKE 53281,0 = PR I HT " na" 
962 FOR J=1 T02 
PR I NT " nsftW ******************** ************ " 
'3F,4 PRINT" ******************** *************" 
965 PRINT" ** ** ** ** **" 
•^•==•.6 PRINT" ** ** ** ** **" 
PRINT" ** ** ** ** **" 
968 PRINT" ** *** ** **** ** **" 
"5^:9 PRINT" ** ***• ** **** ** **" 
970 PRINT" ** ** ** ** **" 
'571 PRINT" ** ** ** ** **" 
972 PRINT" ** ** ** ** **" 
•^7r^ PRINT" ** ** ************* ** C174 PR I HT " ** ** ************ ** " 
975 PRINT JOHN MORRIS" 
976 PRINT "NBifTECHNIGAL ASSISTANCE BY WILLIAM NEGUS" 
977 PR I NT " #»**#* .-ai ^ 1986" 
973 PRINT" IT ANY KEY TO CONTINUE S" ; 
979 FOR IA=1TO600=NEXTIA 
980 PRINT"?:".: = NEXT J > 
981 GET AS:IF Af=""THEH 961 
982 PRINT"n«««?>fcMiB»>i»»»»tTHE MENU" 
983 PRINT"N!!>»»»li»ll DATA ENTRY LEVEL" 
984 PRINT"%R»****BE: DATA EXAMINATION ON SCREEN" 
985 PRINT"ï!lf!>M«»»Bt3 DATA TO BE PRINTED" 
986 PRINT"W!»liB»»»»4 EXIT TO REGRESSION ANALYSIS" 
987 PRINT":i!lr*»*»»*G 33UIT"" 
990 GET AS : FOR 1 = 1TO400 = NEXTI = IFAf=""THEN982 
991 PRINT"H" : ON VAL(LEFTS(A$,1)) GOTO 1800,6005,10000,910,10900 
1000 REM ***TTEST DATA COLLECTION*** 
1001 GOSUB1170 :GOSUB1200 
1002 PRINT"® STUDENT FILE CODE NUMBER <'E' TO END)" 
1003 PRINT"«FILE": = INPuT F$ = G$=LEFT$CF$,1) 
1004 IFGiO"A"ANDGSO"E"ANDG$<>"T"ANDGîO"C" THEN 1002 
1005 IF LEFTS<FS,4)OLEFTS<FS,3)THEN 1002 
1006 IF F$="E" THEN 982 
1007 IF FX="EP" THEN GOSUB 11000 
1008 OPEN 1,S,3,FS+",S,W" 
1009 OPEN 15, 8,15:1NPUT# 15,RRÎ,RS$ = CLOSE 15 
1010 RR=YML(RR$):IF RR<=61 THEN 1013 
1011 PRINT"» FILE EXISTS...OVERWRITE ? (Y/N)"=INPUT K$ 
1012 IF LEFTSK$, 1 ) C:;-" Y"THENCLOSE1 = GOTO 1003 
1013 CLOSEl: OPEN 15,8,15 = PRINT# 15,"S ="+F$ = CLOSE 15 
1014 OPEN 1,8,3.. FS+"..S,W" 
1015 PRINT: PRINT" DELAY BETWEEN READINGS? •; SECS ) .: = INPUT IT 
1016 IT=IT*490 
1017 1=0 
1020 POKE 57342,1=REM *** INFO IN *** 
1040 LET A=57340 
1050 POKE A,16= REM DISABLE DDnO REGISTER 
1060 POKE A, 23= REM START A. 'D 
1070 POKE A,16= REM RESET START FLIP FLOP 
1080 IF •: PEEK c; 57342) AND 2) =2 THEN GOTO 1080 
1090 POKE A, 24= REM ENABLE A/D LOW BYTE ONTO BUS 
1100 LET R=PEEK(A) 
1110 POKE A, 25= REM ENABLE R/D HI BYTE 
1120 LET S=256*<FEEK<A:> AND 15) 
1124 REM ****T******************:f*****$ 
1125 REM *** COMPUTATION OF V,C,D,P **« 
1126 REM ****************************** 
96 
1130 Y=R+S 
1131 C=V 
1132 D=.0305328559-.0000247354*0 
1133 P=$0319*D-?65009*[i T2-t-2104364*013-74 
1135 IF P>=RZ THEN 1=1 
1133 IF 1=0 THEN GDSUB 4000 
1139 IF I>=1 THEN GOSUB 4040 
1150 FOR ZZ=0 TO IT=NEKTZZ 
1160 GOTO 1020 
1170 REM ***** SCRH PRT SUBRTN ***** 
1172 POKE 53230, 5 = P0KE532S1 .• 1 ^ PR I HT " II" = PR I HT " 5!" 
1175 PRINT" DATA ENTRY LEVEL " 
1130 RETURN 
ill 
1210 PRINT"!iRîiî2265rS!" 
1212 INPUT AZ 
1214 PR INT : PRINT"LIMIT OF BREAKAGE" 
1216 PRIHT"M(!>E750"ir 
1213 INPUT BZ 
1220 PRINT";?I_IMIT OF ELAS ="; AZ = PRINT "LIMIT OF BREK =";BZ 
1221 PRINT"NARE THESE CORRECT ?":INPUTC$ 
1222 IF LEFT#Or.î.. 1>0"Y" THEN 1200 
1224 PR I NT " 
1226 PRINT":"]" 
1299 RETURN 
2000 REM DIGITAL TO ANALOG CONVERSION ROUTINE 
2005 REM LOAD "MAC-CODE"3.. 1 TO LOAD THE DAC MACHINE CODE INTO RAM 
2010 REM DAC CLEAR ROUTINE 
2020 SYS 33124 
2025 STOP 
2030 REM DAC OUTPUT ROUTINE 
2040 LET L0BYT=255 
2050 LET HIBYT=15 
2060 POKE 33043.. LOBYT 
2070 POKE 33049..HIBYT 
2030 SYS 33060 
4000 REM *** 1=0 *** 
4013 PRINT"* C= Y =",: Y = PRIWT";« D= =".: D = PRINT"!!!! P= =";P 
4020 PRINT#1.."C= Y =";Y:PRINT#1.. "D= ="; D = PRINT#!.. "P= =".:P 
4035 RETURN 
4040 REM SUBROUTINE FOR 1 = 1 *********** 
4041 PRINT":?»! C= Y =".: Y = PRINT"W D= =";0 = PRIHT"W P= =".:P.: "M" 
4042 PRINTttl.. "C= V =".: Y:PRIHT#1, "D= =";0:PRINT#1, "P= =".:P 
4055 REM ** PRINT" FORJJ=1T03S = PRINT"-" NEXTJJ = PRINT" " 
4065 IF PCBZ THEN RETURN 
4067 REM *** P VALUE EXCEEDS LIMIT *** 
4069 PRINT";pJ ENTRY IN ";F$; " EXCEEDS Y=".:BZ 
4070 ML=3.0915*P 
4071 US=nL/.07669 
4072 BH=ML/500 
4073 YM=US*2 
4075 PRIHTttl.. "MA';:; LOAD=" ML = PRIHT#1, "ULT STRE=" ; US = PR I NT# 1.. "BRI HARD= " .: BH 
4076 PRINT#!.. "YOUH MOD=" .:YM 
4073 PRINT "W-lAX LOAD=" .: ML ^ PRINT "SÏJLT STRE=" .: US ^ PRINT ":*BRI HARD=".:BH 
4079 PR I NT " S7 T'0UN M OD= " .: Y M " SV 
4030 CLOSE1 
4090 G0T09S2 
6000 REM *** PRINT TO SCREEN SUB *** 
6005 POKE 53230 .• 2 • POKE 53231 • 7 : PR I NT " Tj" 
6010 CLOSE 1 : PR I NT " 
6015 PRIHT"r»8i»l«?»HHAT FILE TO EXAMINE <'E' TO END)" 
6020- PRINT"*- Il-4Pt.tTFi : IF FS=*"E-"-'THEN -932 - -• 
6022 PRINT";«!!l?>Bi»l.JHAT AMOUNT OF DELAYf^WRigami".: = INPUT OT 
6025 PRINT"*# FILE: ".:F$: PRINT"*" 
6030 OPEN 1,8,3,F$+",S,R" 
6035 OPEN 15. 3.. 15 = INPUT# 15. RR-5 : RR=VAL < RRf 5 = CLOSE 15 .• S 
6040 CLOSEl^IF RR=62 THEN PRINT" NOT FOUNDieHa" = GOTO 6015 
6045 OPEN 1.. S.. 3.. F$ + " .. S, R" 
6050 GOSUBS000: PRINT f i £ :  
6060 FOR J=LEN..:A$.)TO 1 STEP-1 • IF MID$<A$,J+1>="=" THEN N=VflL<MID5 AÎ J+1 > > : T=i 
97 
6063 NEXT J : REM DO SOMETHING WITH N HERE 
6067 FOR LK=1 TO <10*OT>=NEXTLK 
6070 IF NOT EF THEN 6050 
6072 PRINT-HIT :f:ETURN5 TO CONTINUE" 
6073 GETX$:IFX$=""THEN6073 
6075 GOTO 6010 
609S REM ****END EXAMINE**** 
3000 A$="":EF=0 
SO 10 GET#1.. 8$: A$=A34.B$ 
3020 IF STO-0 THEN PRINT = PRINT"» END OF FILE "JF$:EF=-1 
8030 IF<B$=CHR$<13)) THEN PRINT'GOTÛS040 
3035 IF EF=0 THEN 3040 
8033 GOTO 8010 
3040 RETURN 
8039 REM *****ENO SBRT 3000********** 
10000 REM ***PRINT OUT SECTION ****** 
10010 POKE53230.. 1 : P0KE532S 1,2 = PR I NT " 3" ; 
10020 PRINT">ft>K«ç9F'RINT0UT SECTION-TURN PRINTER SIiNH" 
10030 PRINT"# WHAT FILE TO PRINT ('E' TO END):;!".: 
10035 PRINT" :?I?Ie!le!l«i!!li!H!le!»!l(!l(!l(!H!l II11111II1111 ]" 'PRINT" "J 
10040 INPUTF$:IF F$="E" THEN 982 
10050 PRINT":?»! FILE: FS = PRINT":?!" 
10060 OPEN 1,8,3,F$+",S,R" 
10070 OPEN 15,8,15: INPUT#15/RRS : RR=VAL<RR$) :CL0SE15,8 
10080 CLOSEl : IF RR=62 THEN PRINT" NOT FOUNOWBl" = GOTO 10030 
10090 OPEN 1,3,3,F$+",S,R":0PEN 4,4 
10095 PRINT#4.. " FILE " Fî : PRINT#4 
10100 GOSUB8000 : PR I NT#4.. A$ ; 
10110 FOR J=LEN<A$)TO 1 STEP-1 = IF MID$(A$,J+1) = "=" THEN N=VALaiIDf CAf ,• J+1 • :> : J=1 
1 f 120 NE>:T J 
10130 IF NOT EF THEN 10100 
10132 PRINT#4:PRINT#4," END OF FILE ";F$ = PRINT#4 = PRINT#4 
10135 CLOSE1 :CL0SE4 
10140 GOTO 10030 
10111 %;i^^;^WWWWDO^YOL^k^NT^TOgEXIT OTTEST591SB»»W0IB«HI" ; = INPUTUS^ 
10904 PRIHT"^^''^''^''Wc"3RArr'f^ 'STILL^' IN 'MEMORY" ' 
109^5 PPINT"'s]''^ •- v -w* - J yj V " 
10910 CLOSEl: END 
11000 REM ****INFO FOR DATA ENTRY**** 
11010 PRINT"n?Ia>»CiATA ENTRY LEVEL INFORMATION" 
11020 RETURN 
12000 END 
READY. 
Vega Universal Testing Machine 
? 
f 
p 
i» 4» 
-SO 
<2 48 '9t 
I \;v 
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5Z=3SS±3: 
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.rgsrsg wmcw 
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UNIVERSAL TESTING MACHINE 
ItHB No. (U -^< No. f«rt DkohptiM IMI «•. Ra '^d fan He. Pan DaaEriftwM 
1 t S/l • 11 I 1 3/4 HHCS 103t 37 4 2151 S««ar 
Z < Sy<-SAE Fin WMlwr 38 4 ) 10 iMitnat lock 
3 1 2012 Cns tf 33 4 Ho • 32 Hax Nut 
4 2 2024 Satin Red 40 1 549 1/2 NPT x-1/t NPT Rtducim { 1 2021 naRM Upfar Coupling 
S Î 1/2 • 13 I in SHSS 41 ; 552 \{S :PT x 3/15 Dâ TuUng E'.bss 
7 1 2022 funM • LMW 42 1 551 Mydraulit Lima 3/16 Oïl 
t 1 2151 1/2 (0 I 1 1/4 00 X 3/1t 43 1 2142 I/I NPT X 3/16 Oia. Tubing 
HardwMd Tkrwt WMiwr Cennaaor 
S 4 2145 Kaaâ 44 1 1/4 NPT £ 1/8 NPT Redueir; Bushinj 
10 4 2030 Spokt 45 I 2025 Hydraulic Jack 
11 2 34t Gta Zmk 46 1 3/8 • 16 X 2 1/4 HHCS 
12 2 S/lt • 24 z 1/2 SHSS 47 1 2014 Crank Stoy 
13 1 202S Hub • C«pfiM 4t 1 2(m Crank 
14 1 1/2 • 13 X 1 1/2 SHCS 43 Î 3/16 X 3/16 X 3/4 Kiy 
IS 2 10- 24 X 3A RH Typ* F 50 1 3/1 • 16 Hax Nut 
IS 1 2143 Coa«r Mai* 11 1 2035 Link • Shan 
17 S 2023 Stnin Red loanr 52 ! 2035 Lkk • Lea; 
It 1 2054 RuUmt Hat. 53 2 5/32 X 3/4 Cettv Kay 
IS 1 2000 Heutini Wald hmwL. 54 2 352 Qavtt Pin 
20 . 2 351 Buihinf 1" 00 X 7/1 10 X 3/4 SS 1 2064 Jack Plata 
21 1 314 Cnok Aoml 56 3 10-24 X 1/2 RHUS 
22 1 2053 Hamdk &«• 57 1 2152 Slaal BaU 
23 1 34S Knob 51 1 Jack Naadta Vaiva 
24 2 3/t • 11 X 1 1/4 HHCS 59 1 1/1 X 5/9 Roll Pio 
25 2 3/8 Flat Wtthar tc 1 2027 Vaha Slim 
2£ 2 Vi ' IS Hî= Mît SI 1 2017 Supeon Vain Sua 
27 1 3/lE Flat WE!h«r E2 2 5/16 • It - 3/4 HHCS 
2t 1 1/4 2t X 2 1/4 SHCS S3 2 5/16 • It Hax Nut 
2S 6 • 1/4 . 20 X 3/4 HHCS M 4 1/4 - 20 Asen Nut 
10 S 1/4 . 20 Htx Mm is 4 1/4 ialaraai Isck Wadwr 
31 3 5/16 11 X 5/t HHCS 66 2 IM Flat Waihar 
S 2 5/!5 Fk: 67 1 2019 Front Plata 
33 3 5/16 Imarail leek Wutiar tt 1 5/16 • 24 s 1 SHSS 
34 3 S/1( • 11 Acorn Nut 69 4 2146 Knob 
35 4 IS • 32 X 2 1/4 FHUS 70 4 2031 1/4 - 20 X 3/4 Siotlsd Set iava 
3S 1 213t 'rtaun Gaga Clw 71 1 2031 Hub - Vaka Wbatj 
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SPECir€N DATA SHEET 
THE EXPERIMENTER WILL COMPLETE THIS SECTION 
Mote: All calculations are rounded to 2 decimal places. 
1. Specimen composition 
2. Specimen diameter before "break" in. 
3. Area before "break", A = II 
4 
sq. ins. 
4. Specimen diameter after "break" in. 
5. 
6. 
Area after "break", A = II D^ 
4 
Specimen gage - original length 
sq. ins. 
in. 
7. Specimen gage - final length in. 
8. Specimen change in length = final length - original length = 
THE STUDENT WILL COMPLETE THIS SECTION / STARTING TIME MIN 
Note: Round your answers to 2 decimal places. 
9. Specimen area before "break" 
10. Maximum load, lbs (load dial value) 
11. Calculate the ultimate tensile strength (Ibs/sq. in.) 
Ultimate strength = spSTar^lSrin. = 
12. The Brinell hardness number 
in. 
lbs. 
psi 
101 
13. Calculate the yield point = ultimate psi times percent yield 
= ultimate psi times percent yield 
= psi 
14. Determine the reduction in area . % 
15. Determine the tempering temperature °F 
16. Calculate the percentage elongation. 
elongatlor, = " ^°° 
= X ICQ = % 
17. Calculate the unit deformation (u). 
_ Specimen change in length _ 
original length 
in. per in. 
18. Calculate the modulus of elasticity or young's modulus (E). 
r _ ultimate psi x original length 
.00661 " 
ultimate psi x original length 
ruusn " psi 
Ending Time 
p 1 
2500 + 
2250 
2000 
;.-730 • 
1500 
1250 
1000 
750 
500 
250 
102 SAS 
PLOT OF P*D LEGEND: A = 1 OBS» B = 2 
Plot: Pressure vs. Deformation (Raw Data) 
A 
A 
A 
A 
A 
00 
+ — 
0 . 0 2  0.04 ) , 0 S  
4- — 
0 . 0 8  0 . 1 0  
—+— 
0.12 
+ — 
0.14 
D 
SAS 
LEGEND I A = 1 OBS, B = 2 OBS, ETC. 
A 
A 
A 
A 
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DEPENDENT VARIABLE: P 
SOURCE DF 
MODEL 3 
ERROR 21 
CORRECTED TOTAL 24 
SAS 
GENERAL LINEAR MODELS PRQCEDL 
SUM OF SQUARES 
1070131S.253G03CO 
1333987.70S33700 
120S500S.9BOOÛOOO 
MEAN SQUARE 
35G710G.4173S767 
GG3G5.08125700 
SOURCE 
D 
D2 
D3 
DF TYPE I  SS F VALUE PR > F 
1 5132702.71155314 77.34 0.0001 
1 2041259.53398134 30.7G 0.0001 
1 3527357.0020G852 53.15 0.0001 
PARAMETER 
INTERCEPT 
D 
02 
m 
ESTIMATE 
234.44051889 
81453.67375915 
-810595.BG98S958 
2233300.40727135 
T FOR HO: 
PARAMETER=0 
1.92 
9.78 
-8.22 
7.29 
PR > IT i  
0.0S82 
0.0001 
0 .0001 
0.0001 
STD E 
ESI 
1 2 1 . (  
8323. '  
98551." 
313192.1 
SAS 
GENERAL LINEAR MODELS PROCEDURE 
MEAN SQUARE 
35S710G.417SG7S7 
GS2S3.0S125700 
F VALUE 
53.75 
PR > F 
0 .0001  
ROOT MSE 
257.61615100 
R-SGUARE 
0.884772 
C.V. 
IS.7714 
P MEAN 
153B.04000000 
F VALUE 
77.34 
30.7B 
53.15 
PR > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 .0 0 0 1  
DF TYPE III SS 
1 S34G5S4.77G81325 
1 4.48OS0G.S945G551 
1 
VALUE 
95.S3 
67.51 
53- 15 
PR > F 
0.0001 
0.0001 
0.0001 
P R  >  I T !  
0.0E32 
0 .0001  
0.0001 
0.0001 
STD ERROR OF 
ESTIMATE 
121.92771443 
8329.41379852 
93551.72661505 
313192.5573G753 
p 
2750 
PLOT Or ?*D 
PLOT OF PStDICT»D 
legend; A = 1 033, 8=2 CBS, E 
SYM30L USED IS P 
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2500 
2250 
2000 
A  
A  
P 
A 
1750 
1500 
A p 
1250 A 
? 
1000 
p 
A  
A  
P  
750 
500 A A  
P  
250 
P 
A 
0 + 
—+ + + + + + + + +— 
0.00 0.02 0.04 O.OG 0.03 0.10 0.12 0.14 0.16 
NOTE: 1 033 HIDDEN 
Command) 
A = I 03S, B = 
USED IS P 
2 03S, ETC. 
P 
+--
12 0.14 0. 18 
+ _. 
0 . 2 0  
+--
0 . 2 2  0.24 0. IB 
1 
Experimental Data - Group One 
DBS SCODE DRP MAXL ULTST BHN YPC PCRA TTEMP PCEL UDEF YMOD TT 
1 C07 1 7650 99739 175 76799 75 1100 9 .20 0 .0020 30178275 20 
2 C03 1 7500 97800 200 75300 63 1 100 9 .  00 0 .0000 29G00000 14 
3 C43 1 7950 103651 199 69446 GO 1050 9 .05 0 .0905 31361757 22 
4 C24 i 8250 1075G2 215 86050 65 1050 8 58 0 .0858 32545213 29 
5 C39 1 7558 98536 197 77843 64 1100 7 .15 0 .0715 20814130 21 
6 CG3 1 9.172 119578 239 100445 56 985 10 .00 0 . 1 000 36180811 29 
7 CGI 1 7G12 99249 199 76422 63 1090 8 .30 0 .0830 300300B4 23 
8 C04 1 7G50 99739 175 76700 63 1100 8 .80 0 .0880 30167000 .21 
9 CG2 1 9584 124959 250 105590 52 070 10 .50 0 . 1050 37808937 28 
10 C59 1 7010 91305 183 70374 65 1130 8 .25 0 .0825 27653555 22 
11 C53 1 G625 8G376 170 G4782 70 1200 8 55 0 .0855 26134645 30 
12 C02 1 7500 £)7784 170 75293 65 1100 8. 15 0 .0815 29586557 35 
13 COl 1 7400 96480 170 74282 70 1100 8. 58 0 .0858 29192070 29 
14 C4G 1 7390 9G349 165 70335 63 1100 8. GO 0 . 0860 29152621 40 
15 C29 1 7350 95828 150 68038 63 1200 8. 75 0 .0875 28994826 48 
16 C09 1 7580 98827 170 76000 63 1100 8. 80 0 .0880 29890000 23 
17 C32 1 7990 104289 198 70917 62 1090 0. 25 0 .0925 31555038 27 
18 (:41 1 8000 104303 175 83442 67 1099 7. 70 0 .0770 31559153 26 
19 C48 1 7900 102999 200 69000 63 1100 7. 33 0 0733 31164507 12 
20 C44 1 7400 964 79 175 74289 63 1150 9. 15 0 0915 29191830 19 
21 C50 1 7750 101043 190 87907 65 1100 8. 45 0. 0845 30572775 25 
22 C12 1 7400 9G480 150 69466 68 1175 8. 68 0 0868 29192070 18 
23 C14 1 7310 35306 150 66715 68 1300 7. 00 0. 0700 28837035 24 
24 C22 1 7700 100391 170 7830G 65 1100 8. 00 0. 0800 30375532 19 
25 C70 1 7200 93868 188 71340 66 1150 7. 85 0. 0785 28401912 15 
26 C71 1 10547 137514 275 115512 50 900 11 .  50 0. 1150 41607927 15 
27 C57 1 8000 104303 263 83442 65 1060 0. 65 0. 0865 31559002 23 
28 C58 1 724G 944GG 175 50569 63 1200 7. 90 0. 0790 23582814 31 
29 CGO 1 8942 11G5B8 233 9G7G8 55 1000 0 .  75 0. 0975 35276278 25 
30 CG9 1 7521 98054 196 75501 65 1100 8. 20 0. 0820 29668256 25 
Experimental Data - Group Two 
DBS SCODE GRP MAXL ULT!3T BHN YPC 
31 T3S 2 7665 999:36 200 78949 
32 T31 2 8064 105146 210 83061 
33 T42 2 7757 101138 202 79999 
34 T23 2 7792 101566 203 78220 
35 T27 2 7988 1041152 208 83321 
36 T38 2 7646 99685 200 77755 
37 T37 2 10051 131046 262 111387 
36 TG5 2 7659 998:54 200 77686 
39 T40 2 7636 995130 199 76661 
40 TB3 2 10051 131046 262 111389 
41 TBG 2 7630 99475 199 77093 
42 T13 2 7792 1015136 203 812G9 
43 T5G 2 7427 96837 194 74565 
44 T28 2 7823 1019139 204 67313 
45 T51 2 10051 131046 262 110078 
46 T45 2 7581 98838 198 76105 
47 T55 2 10051 131046 262 111389 
48 T54 2 7763 101219 202 78951 
49 T34 2 10051 131046 262 111389 
50 TOB 2 7875 1026138 205 68788 
51 TIO 2 10051 131045 262 111388 
52 TOG 2 7431 9G802 194 • 74599 
53 T26 2 7432 100909 202 90648 
54 T25 2 7900 102905 206 80329 
55 T17 2 10051 131046 262 111389 
56 T11 2 7914 103181 206 91513 
57 T58 2 9022 117629 235 97632 
58 7r-2 2 10051 131045 262 111389 
59 TIB 2 7G59 99554 200 76887 
GO T20 2 7431 9GBB2 194 75083 
TTEMP PCEL UDEF YMOD TT 
1100 9 .45 0 .0945 3023B32B 18 
1050 7 .60 0 .0760 31812473 15 
1080 8 .95 0 .0995 30601412 25 
1090 9 .00 0 .0900 30736941 16 
1200 7 .55 0 .0755 31513429 8 
1090 8 .50 0 .0850 301B2157 13 
897 8 .30 0 .0830 39650712 13 
1100 8 .20 0 .0820 30212978 13 
1100 9 .35 0 .0935 30123935 20 
900 9, .00 0 .0900 39650712 21 
1100 8, .55 0 .0855 30098404 19 
1070 9, .38 0 .0939 30736941 27 
1100 9, .95 0, . 0995 29300243 20 
1099 7. .50 0, .0750 30859107 IB 
925 B. ,00 0. .0800 39650712 16 
1110 9. ,50 0. , 0950 29905633 20 
900 8. 20 0. ,0820 39650712 16 
1080 9. 35 0. ,0935 30626143 15 
900 8 .  00 0. 0800 39650712 12 
1080 7. 30 0. 0730 31064523 21 
900 7. 90 0. 0790 39650712 21 
1100 8 .  55 0. 0855 29313633 15 
1100 7. 90 0. 0790 30502090 20 
1099 7. 45 0. 0745 31160204 17 
1075 8. 75 0. 0875 39636914 14 
1090 9. 70 0. 0970 31219686 19 
1000 15. 45 0. 1545 35591148 23 
900 8. 25 0. 0825 39650712 20 
1110 8. 95 0. 0895 30212978 35 
1125 9. 00 0. 0900 29313633 21 
PCRA 
60 
61 
60 
63 
63 
64 
52 
64 
64 
50 
64 
64 
65 
62 
52 
64 
50 
65 
58 
64 
57 
65 
63 
63 
50 
63 
56 
51 
65 
64 
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Overall View of Research Set-Up 
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Top View of Research Set-Up 
109 
Bottom View of Research Set-Up 
110 
Bottom-Left View of Research Set-Up 
Ill 
Left View of Research Set-Up 
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Front View - Pressure Transducer and 9-Yolt Battery 
Electrical Connections 
113 
Rear View - Pressure Transducer and 9-Yolt Battery 
Electrical Connections 
(+) from center connection to channel zero (0), pin 
number 7(+) and 8(-) on the A/D converter and back 
to the (-) connection. See dataone connector pin 
out. Appendix E. 
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Front View - Potentiometer Assembly Construction and 
Electrical Connections 
^jline up with (;/). 
"^2" gage marks 
9-Volt 
Battery 
lOK 
.Potentiometer 
Point 
A 2 1 /2  + 1 /8  
•7 1/2 + 1/4 in 
10 1/2 + 1/8 in. 
5 1/4 + 1/8 in 
extend the 
tension up to 
the arrow for 
tension 
Tension spring 
2 in. long 
^ 1/4 dia. slot 
/ 1/4 in. from 
this end and 
9 2 1/4 in. 
from the 
'opposite 
end 
NOTE: Loop the nylon 
cord clockwise three 
(3) times around the 
shaft of the potentio­
meter and secure at 
point Ac 
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Rear View - Potentiometer Assembly Construction and 
Electrical Connections 
116 
Front View - Potentiometer Electrical Connections to 
A/D Converter 
i 
Connect to channel one (1), pin number 11(+) and 
12{-) on the A/D converter and through the 
voltmeter back to the (-) connection. See 
dataone connector pin out. Appendix E. 
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Specimen with 2 in. Gage Mark 
